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1. INTRODUCTION 
 
Gold has always been a valuable and desired metal throughout human history. In recent 
years the value of gold has risen considerably, creating a critical need for the exploration 
and the understanding of formation processes of gold deposits. Finland contains many 
different types of gold ore deposits, including orogenic-type gold deposits. Orogenic gold 
is the predominant type of gold deposit in Finland, with over 90% of known gold deposits 
and prospects being orogenic gold deposits (Eilu et al. 2003). Orogenic gold deposits in 
Finland have formed in the late Archean (ca. 2.7 Ga), and feature hydrothermal alteration 
systems that are significantly structurally controlled.  
 
These orogenic gold deposits occur in various greenstone belts around the country, one 
of them being the Ilomantsi greenstone belt in eastern Finland. The Ilomantsi greenstone 
belt has been the focus of research projects over the last thirty years and continues to 
serve as a model of orogenic gold deposits in Finland. Metamorphic conditions 
experienced throughout the Ilomantsi greenstone belt ranged from upper greenschist to 
lower amphibolite facies conditions (Nurmi and Sorjonen-Ward 1993). The easternmost 
part of the Ilomantsi greenstone belt contains the heavily altered and structurally 
deformed Hattu schist belt, which is host to a string of orogenic gold deposits. One of the 
deposits, Korvilansuo, is a locally altered gold prospect residing within the Hattu schist 
belt, and is an ongoing gold exploration target of Endomines Oy.  
 
The timing of ore mineralization in orogenic gold deposits and its relationship to regional 
metamorphism is currently under discussion using various genetic models (Groves 1993, 
Phillips and Powell 2009; 2010). The mechanisms responsible for ore deposition are 
dependent upon fluid source, composition, and the resulting interaction with the 
surrounding wall-rock. Fluids responsible for ore transportation and deposition in 
orogenic gold deposits are believed to be mostly from low salinity aqueous-carbonic 
fluids (Groves et al 1993). However, the presence of many different fluid types have been 
found worldwide in orogenic gold deposits allowing for the possibility of other primary 
ore-carrying fluids. (Ridley and Diamond 2000) The processes leading to mineralization 
of gold, sulfides, and tellurides of the Korvilansuo prospect area are presented in this 
study. Petrography and fluid inclusion analyses have been performed on drill core 
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samples in order to interpret the conditions, composition and timing of hydrothermal 
fluids and their relationship to ore mineralization at Korvilansuo. 
 
The principal aim of this study is to analyze the mineralogical, geochemical, and 
petrographic properties of the Korvilansuo prospect. The petrogenesis of mineral and ore 
deposition of tellurides, sulfides and native metals is to be established. Past conditions of 
mineralization are determined using biotite-garnet Mg-Fe exchange geothermometry and 
chlorite geothermometry providing formation temperatures of the deposit. Fluid inclusion 
analyses provide compositional information of the fluid, as well as trapping temperatures 
and pressures. Finally, the relationship between sulfides, tellurides, and gold deposition 
resulting from fluid induced alteration will be better constrained. 
 
 
2. CHARACTERISTICS OF OROGENIC GOLD DEPOSITS 
 
Deposits are found at depths of 5-15 km in orogenic settings of all geological ages that 
have undergone regional metamorphism and structural deformation. The deposits are 
major hosts of gold ore and are found all over the world, where they continue to be a 
major economic source of gold, with up to 20% of world Au production resulting from 
these deposits alone (Roberts 1987). The largest orogenic gold deposit in Australia, which 
shares many deposit characteristics with Finland, is the Golden Mile deposit conatining 
an estimated 1600 t Au. Deposits of this type feature a moderately high gold grade, with 
some deposits historically having a yield of 5-30 g/t, while most economic deposits today 
average 1-5 g/t (Groves et al. 1998). Lower grades have recently become more 
economically viable with the further understanding of how these deposits were formed 
and with the advancement and utilization of computer-based geological 3D modeling.  
 
Orogenic gold deposits formed intermittently as far back as the Middle Archean and into 
the Phanerozoic, with relatively few appearing in the Proterozoic (Goldfarb et al. 2001). 
Deposits are widely characterized on the basis of whether they are in the Archean or 
Phanerozoic setting, with unique characteristics accompanying the different ages. 
Archean deposits are primarily found in greenstone and greenschist belts, while the 
younger Phanerozoic and sometimes Proterozoic deposits are found in slate belts. As the 
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name would imply, all orogenic gold deposits are a result of orogenic or tectonic events 
whether accretionary or collisional.  
 
Mineralization in the deposit is a result of metamorphic, magmatic, and possibly meteoric 
fluids that precipitate metals at crustal levels along major shear and fracture zones (Robb 
2005). These hydrothermal fluids result in gold-bearing quartz veins that appear as deep 
as 20 km in the crust and rise to near-surface levels. The focusing of fluids within rock 
fractures and porosity is believed to be an instrumental process in the deposition of the 
ore minerals within an orogenic gold deposit. Mechanisms of ore deposition are primarily 
a result of hydrothermal fluids reacting with rocks causing wall-rock sulfidation of Fe-
silicate minerals (Mikucki 1998).  Additional important causes of ore deposition are phase 
separation resulting from decreases in pressure and/or temperature and by fluid mixing 
(Mikucki 1998, Phillips and Powell 2010). Reliant on the characteristics of the deposit 
type and classification, the ore formation may be either syn-orogenic or post-orogenic.  
 
 
2.1. Defining an Orogenic Gold Deposit 
 
The classification and defining geological characteristics of what exactly constitutes an 
orogenic gold deposit is a recent addition to ore geology and was first defined by Böhlke 
(1982) and was further refined by Groves et al. (1998). Orogenic gold deposits have been 
referred to in previous literature as mesothermal, syn-orogenic, turbidite-hosted, Archean 
lode-gold and as greenstone-hosted quartz-vein deposits (Groves et al. 1998, Dubé & 
Gosselin 2007). The terms used such as 'mesothermal gold' are not definitively 
appropriate for orogenic gold deposits as there is a large deviation from the original term 
first defined by Lindgren (1933), which refers to the depth of the deposit formation, rather 
than the characteristic features of an orogenic gold deposit. 
 
A predetermined set of depositional characteristics that can precisely define and 
encompass all orogenic gold deposits does not exist, but the deposits classically exhibit 
common characteristics and are always associated with regionally-metamorphosed 
terrains that have been subjected to orogenic processes, whether accretionary or 
collisional. Further classification of orogenic gold deposits involves the crustal depth in 
which gold deposition is found. These terms being epizonal, mesozonal, and hypozonal 
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referring to depths of under 6 km, 6-12 km, and over 12km ore emplacement, respectively 
(Groves et al. 1998). 
 
 
2.2. Geological Characteristics of Orogenic Gold Deposits 
 
The single most defining characteristic of any orogenic gold deposit is the proximity to 
metamorphic terrains that have undergone extensive deformation, through means of 
collisional tectonic activity and orogenic events. The deposits always have enrichments 
in Au, Ag, As, and W, while some contain enrichments in Bi, Sb, Te, B, and Pb with 
lesser amounts of Cu and Zn (Groves 1993). Ore bodies in orogenic gold deposits are 
vertically continuous, steeply plunging, and are tabular in shape (Ridley et al. 1996). Gold 
mineralization typically occurs as ore shoots of 1 to 3 km within the host structure and 
may show overlapping or crosscutting. Vertical zonation in the partitioning of metals is 
apparent in some orogenic gold deposits as well, with Au appearing from new-crustal to 
deep-crustal levels (Fig. 1). 
 
 
 
Fig 1. Representation of vertical zonation of base metals within an orogenic gold deposit (Modified after Groves et al. 
1998). 
5 
 
Significant deposits of gold in Phanerozoic deposits show a strong relationship with 
greenschist to lower amphibolite facies (Groves et al. 1998). Whereas Archean deposits 
show more variability in their metamorphic grade, with some deposits in Australia 
entering the granulite facies, while others are of lower metamorphic grades (Groves et al. 
1992, Hagemann et al. 1992, Knight et al. 1993, McCuaig et al. 1993, Neumayr et al. 
1993, Bloem et al. 1994). Recent studies indicate P-T conditions of orogenic gold deposits 
range from 180-700 ºC and 1-5 kbar (Groves 1993, Hagemann and Brown 1996, Ridley 
et al. 1996). 
 
Two major genetic models have been proposed to enrichment, timing, distribution, and 
formation that characterizes orogenic gold deposits. The first, the crustal continuum 
model, assumes that the timing of Au mineralization is concurrent with peak 
metamorphism in deposits ranging from sub-greenschist to granulite facies (Groves 
1993). In contrast, Phillips and Powell (2010) proposed a metamorphic devolatilization 
model showing that Au deposition occurs at the greenschist-amphibolite facies transition. 
Higher grade deposits in the upper-amphibolite to granulite facies are most likely the 
result of later metamorphic overprinting (Phillips and Powell 2009). Any aqueous fluid 
present during partial melting would be used to produce further melt rather than 
establishing an orogenic gold deposit (Phillips and Powell 2009).  
 
 
 
Fig. 2. Representation of tectonic settings of various epigenetic gold mineral deposits with emphasis on the orogenic 
gold deposit type. Orogenic gold deposits from as a result of compressional and transpressional forces that occur 
during orogenic events. Deposition occurs in the upper crust alongside deformed accretionary belts near continental 
magmatic arcs (Modified after Groves et al. 1998). 
 
6 
 
Accretionary and collisional orogenic events feature both altered marine sedimentary and 
volcanic-plutonic rocks (Fig. 2). The composition of the metavolcanics varies greatly 
within a belt from ultramafic to felsic. Clastic marine sedimentary rocks are protolith to 
metasedimentary rocks, such as greywackes, argillites, schists, and phyllites (Groves et 
al. 1998). Ore mineralization in a host rock can be determined by two factors in the 
lithology characteristics. First, rheological properties in the host rock may be conductive 
to brittle fracturing and deformation, causing the opening of faults and fractures, leading 
to veining and subsequent mineralization (Groves et al. 1990). In addition to physical 
properties of the host rock, the chemical composition determines the reactions with 
mobilized hydrothermal fluids. Mafic rocks with high Fe contents will react with Au 
bisulfide fluids thus causing precipitation of Fe-bearing sulfides and native gold (Yeats 
and Vanderfor 1998). Along with elevated amounts of Fe in rocks, reduced C and low 
tensile strength seem to be important in the amount of gold deposited (Phillips and Powell 
2010). 
 
Subduction of oceanic crust occurring in accretionary orogens creates plutons, provides 
fluids from hydrated sedimentary rocks, and creates structural instability, all of which 
contribute to the formation of orogenic gold deposits (Fyfe and Kerrich 1985, Goldfarb 
et al. 1991, Elder and Cashman 1992, Haeussler et al. 1995). Accretionary orogens form 
as plutonic bodies develop and young towards the oceanic trench, which explains 
younging lithostratigraphy often found in greenschist belts with orogenic gold (Sengor 
and Okurogullari 1991). Collisional orogens occur as continental plates collide, which 
also form orogenic gold deposits. However, this must first have been preceded by the 
closure of an ocean basin, thus it is an end-step process occurring after an accretionary 
orogen (Groves et al. 1998).  
 
It is common for the orogenic gold deposits to be formed along crustal-scale, first order 
fault zones along boundaries of contrasting lithological domains. Major high-angle faults 
are characterized by anastomosing shear zones, and with structural fabric showing intense 
lineation, foliation and overprinting crenulation cleavage occurring in several different 
episodes (Robert and Poulsen 2001). The most common structures present in orogenic 
gold deposits are brittle to ductile in nature and subsequent structural reworking cause 
veins to be discontinuous, and for original mineralization to be displaced by later 
structural events.  
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Whereas other ore metals have a variety of processes leading to various anomalous ore 
formations, gold is only deposited in a few distinct processes, most of which involve the 
transport within hydrothermal fluids. Typical ore fluids in orogenic gold deposits have 
been found to be characteristically low in salinity, weakly oxidized, near neutral and 
aqueous-carbonic in composition (Goldfarb et al. 2001). Fluids found in orogenic gold 
deposits are possibly composed of magmatic, meteoric, seawater, or metamorphic 
sources; though a single source for ore fluid may be likely (Phillips and Powell 2009). 
Deposits show a strong co-variation of gold grade and alteration mineralogy on meter to 
tens of meter scales, reflecting a channelized fluid flow (Ridley et al. 1996, Eilu et al. 
1999). Metamorphic devolatilization and devolatilization of felsic magmas are postulated 
as being the primary generating source for gold-transporting fluids (Ridley and Diamond 
2000).   
 
Orogenic gold deposits typically feature strong lateral zoning from wall-rock alteration 
resulting from hydrothermal activity, whereas vertical zoning is sometimes present, but 
not as prominent (Mikucki et al. 1990). Lateral alteration extends on a scale of centimeters 
to meters around veins as a result of metasomatism and advection of hydrothermal fluids 
into the wall-rock (Ridley et al. 1996).  A lack of vertical zoning signifies that fluid 
compositions must have been mostly constant and no large temperature gradient was 
experienced vertically (Ridley et al. 1996).  
 
The protolith and composition of the host rocks, the chemical properties of hydrothermal 
fluids, and the pressure-time conditions endured will determine which minerals form in 
any hydrothermally altered deposit as well as orogenic gold deposits. Ore minerals are 
mostly concentrated within or near hydrothermal veins, but can also appear as 
disseminated minerals throughout altered country rocks. Alteration assemblages are 
characteristically enriched in ore metals, CO2, S, K and large-ion lithophile (LILE) 
elements (Groves 1993). The alteration haloes formed around ore bodies undergo 
sulfidation and exhibit gradients reflecting a loss of sulfur from the fluid with distance 
from the lode. The sulfidation gradient varies with deposit, but typically has pyrite 
adjacent to the lode, pyrrhotite in distal alteration zones, and magnetite appearing once 
sulfidation has ceased (Mikucki and Heinrich 1993). 
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Native metals appear within the deposits as gold, silver, and bismuth. Minerals will have 
a preferred chemical reaction and will begin to form other phases once other enriched 
metals are depleted, thus the importance of the protolith and paragenesis in the formation 
of minerals. Tellurium, more than any other element, forms a large number of natural 
compounds with gold, as well as other heavy elements (Sindeeva 1964). The presence of 
tellurides and bismuth-bearing minerals is a common feature within orogenic gold 
deposits as regional areas are typically enriched in W, Bi, and Te (Groves et al. 2003). 
Tellurium anomalies are gold-rich in granitoid host rocks, whereas Bi-bearing minerals 
are associated with metasedimentary hosts (Goldfarb et al. 2005).   
 
 
3.  SAMPLING AND ANALYTICAL METHODS 
 
Twenty logged diamond drill holes of the Korvilansuo prospect were provided by 
Endomines Oy to be investigated for their petrography, geochemistry, and mineralogy. 
The drill cores were selected to be representative of the various rock types and 
mineralogical assemblages of the Korvilansuo prospect. Samples were selected to include 
mineralized veins and the hydrothermally altered host rocks (Appendix A).  
 
 
3.1. Reflected and Transmitted Light Microscopy 
 
From the 20 selected drill cores, 19 doubly polished thin section samples were made for 
use in petrographic studies via reflected and transmitted light microscopy. The polished 
thin sections were selected with emphasis on alteration zones appearing in representative 
tonalite, mica schists, tourmaline schists, quartz-tourmaline veins (tourmalinite), and 
greywacke rocks. Petrography of the thin sections was completed with the use of a Leica 
DM2500P polarizing microscope to further describe the rocks, identify minerals within, 
and to make a selection for further analysis by electron microprobe. Microscopy work 
was completed at the Department of Geosciences and Geography at the University of 
Helsinki. In figures of microphotographs, plane-polarized light is abbreviated using PPL 
and cross-polarized light is abbreviated using XPL. 
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3.2. Electron Microprobe Analysis 
 
Of the 19 polished thin sections, 11 were selected for further mineral chemistry analysis 
by electron microprobe (Appendix B, Table B1). These polished thin sections were first 
coated with a 0.25nm thick carbon layer before being analyzed. Analysis of the samples 
was performed by a JEOL JXA-8600 Superprobe electron microprobe at the Department 
of Geosciences and Geography at the University of Helsinki. Analyses of gold, sulfides, 
tellurides, and scheelite within the polished thin sections were performed with a 20nA 
beam current and an accelerating voltage of 20kv. Analyses of garnet, biotite, and chlorite 
were performed with a 15nA beam current and an accelerating voltage of 15kv.  
 
 
3.3. Fluid Inclusion Analysis and Microthermometry 
 
From the 20 logged drill cores, 3 doubly polished wafers with a thickness of 200-300 µm 
were prepared to use for petrographic analysis of fluid inclusion assemblages and for 
microthermometric measurements. A Leica DM2500P microscope outfitted with a 
Linkam THMSG-600 heating-freezing stage was used for the analyses. Calibration of the 
heating-freezing stage was completed using synthetic fluid inclusions of CO2 for the 
melting temperature of -56.6 ºC, H2O-NaCl for the eutectic melting temperature of ice 
and hydrohalite at -21.2 ºC, and H2O for the melting temperature of ice at 0.0 ºC and the 
critical homogenization temperature at 374.1 ºC. The precision for analysis of all freezing 
temperatures is 0.1 ºC, and the precision of heating experiments is approximately 1 ºC. 
 
 
3.4. Mineral Geothermometry  
 
Using results made by the electron microprobe, the calculation of metamorphic 
temperatures of equilibration were made based on mineral compositions. A total of 45 
garnet points and 50 biotite points were analyzed as the basis of the garnet-biotite Fe-Mg 
exchange thermometer. An additional 55 chlorite analyses were performed for use in 
chlorite geothermometry based on empirical and thermodynamic activity-composition 
modeling. 
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4. GEOLOGICAL SETTING 
 
Finland is located on the Fennoscandian Shield, which is a major domain of Precambrian 
rocks located in Finland, Sweden, Norway, and northwestern Russia in the Kola 
Peninsula and Karelia (Fig. 3). Finland is a central occupant of the shield and has limited 
platform sediments, resulting in large amounts of outcrops and bedrock that are of 
Precambrian origin. Finland underwent two major orogenic events occurring at 2800-
2700 Ma and at 1900-1800 Ma resulting in a major division into Archean and 
Paleoproterozoic crust (Vaasjoki et al. 2005). The division of major rock units in Finland 
can be further geographically defined, with the oldest Archean rocks appearing in 
northern and central-eastern portions of the country. The Archean crust is part of the 
larger Karelia and Kola domains to the southeast and northeast of Finland, respectively. 
The Paleoproterozoic rocks in Finland are part of the Svecofennian domain, appearing in 
the central, southern, and southwestern areas of Finland.  
 
 
 
Fig. 3. Geologic map of the Fennoscandian Shield showing the location of the different domains within Finland and 
the distribution of Archean and Proterozoic rocks. Data: Geological Survey of Finland 
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Eastern Finland and the Ilomantsi greenstone belt are host to some of the oldest rocks in 
Finland and contains rocks 2.8-2.7 Ga in age. Svecofennian volcanic rocks in Finland are 
oldest along the Archean-Proterozoic boundary of the Fennoscandian Shield, where they 
have been dated to be approximately 1.9 Ga old. The Paleoproterozoic rocks in Finland 
range from 1.93 Ga to 1.54 Ga in age with rapakivi granite emplacement occurring at this 
time (Vaasjoki et al. 2005). After this time, no major magmatism has occurred in Finland. 
 
 
 
Fig. 4. Geological map showing ages of rock in Finland and the location of major Archean greenstone belt 
formations, with a border for emphasis around the Ilomantsi greenstone belt. Data: Geological Survey of Finland 
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There are several different Archean greenstone belts, with all of them found to be 
containing orogenic-style gold discovered from exploration drilling (Eilu 2007). Eastern 
Finland is host to many of the Archean greenstone belts, including: the Savukoski, 
Suomusalmi, Kuhmo, and Ilomantsi greenstone belts, all of which are situated near the 
Russian border (Fig 4). 
 
 
4.1. The Geology of the Hattu Schist Belt 
 
The Hattu schist belt is located within the easternmost portion of the Ilomantsi greenstone 
belt very close to the Russian border and is notable for containing large amounts of 
orogenic-style gold deposits. Intense deformation and hydrothermal alteration has 
occurred within the belt, with prograde metamorphism reaching upper greenschist to 
lower amphibolite facies (O'Brien et al. 1993a, Sorjonen-Ward 1993). This has been 
confirmed by biotite-garnet geothermometry measurements taken from metagraywacke 
samples, which determined a temperature peak of 550 ± 50 ºC (O'Brien et al. 1993a). 
Geobarometry was measured using the garnet-biotite-plagioclase-quartz mineral 
assemblage with pressures of 3.5-5.5 kbar indicated within the central parts of the 
greenstone belt (Hölttä et al. 2012). Basalts, felsic volcanics, and sedimentary rocks all 
show extensive recrystallization from metamorphism, and with intrusive rocks showing 
it as well, but to a lesser extent (O'Brien et al. 1993a). 
 
The belt is mostly composed of northerly-trending supracrustal rocks anastomosing 
around syn-tectonic granitoid plutons (Rasilainen 1996). The oldest exposed volcanic 
rocks of the belt are around 2755 Ma, with tonalite stocks and porphyry dikes intruding 
supracrustal rocks (Vaasjoki et al. 1993, Rasilainen 1993). The belt has different 
characteristics from north to south and can roughly be divided into two parts on the basis 
of lithologies. The northern portion of the belt features coarse-grained volcaniclastic 
rocks with intercalated andesitic, basaltic, and ultramafic lava flows (Nurmi et al. 1993, 
Sorjonen-Ward 1993). The southern portion of the belt predominantly contains mica 
schists and graywackes of volcaniclastic origin (Nurmi et al. 1993, Sorjonen-Ward 1993). 
All areas of the belt have undergone extensive hydrothermal alteration and show 
characteristic enrichments similar to that of other orogenic gold deposits such as Au, Ag, 
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As, Bi, Mo, Te, and W found within till samples and from exploration drilling 
(Hartikainen and Nurmi 1993, Rasilainen et al. 1993). 
 
 
4.1.1. Intrusions and rock types of the Hattu schist belt 
 
The Ilomantsi greenstone belt is located in eastern Finland within the Karelian domain, 
which includes the Karelian stable craton. Rocks inside the Karelian domain have been 
dated back to 3.5 Ga, with structural stability occurring after 2.7 Ga (Sorjonen-Ward and 
Luukkonen 2005). Inside the Ilomantsi greenstone belt there are multiple supracrustal 
rock sequences with the most notable being the Hattu schist belt. The Hattu schist belt, 
which resides within the greater Ilomantsi greenstone belt along the eastern border of 
Finland is approximately 40 km long with varying widths from 5 to 10 km. Within the 
Hattu schist belt there are several formations present resulting in numerous ore deposits 
having been discovered via drilling.  
 
The Hattu schist belt is primarily composed of supracrustal rocks, which dominantly 
consist of sediments, along with minor amounts of tholeiitic basalts, calc-alkaline rocks, 
and komatiites. Granitoids of the Hattu schist belt can be classified as diorites, 
granodiorites, and tonalites. They can also be classified as sanukitoids, which are those 
granitoids featuring high amounts of Mg. The Hattu schist belt features a relatively high 
amount of these sanukitoids when compared to other granitoids within the Karelian 
domain (Holttä et al. 2012).  
 
Sedimentary rocks consist primarily of metagraywackes and mica schists composed of 
quartz, plagioclase, potassium feldspar, and muscovite, with occasional appearances of 
biotite, chlorite, and tourmaline (O'Brien et al. 1993a). The belt contains feldspathic 
graywackes from turbidite sequences and other coarse-clastic sequences including felsic 
pyroclastics. Banded iron formations also occur sporadically in the belt, sometimes with 
turbiditic sediments overlying them, especially at the southern end of the Hattu schist belt 
(O'Brien et al. 1993a). Felsic volcanic material has not been found within 
metagraywackes of the belt and it is possible that this was not preserved, but destroyed 
by weathering (O'Brien et al. 1993a). 
 
14 
 
4.1.2. Structural Geometry and Deformation 
 
Many folds and shear zones are present throughout the Hattu Schist Belt, resulting in 
extensive deformation throughout. Rarely is the ore host structure a first-order structure, 
as it is typically second, or even a third order fault or shear zone extending from major 
structural deformations. All major deposits of the Hattu schist belt lie within 1 km of 
high-strain zones that are at least 10 km in length (Nurmi et al. 1993). Local shear zones 
and folds adjacent to the high-strain zones, as well as those with vertical deformation, are 
commonly mineralized with gold and other metals and are responsible for the locations 
of ore deposits within the Hattu schist belt (Sorjonen-Ward 1993). Northerly plunges exist 
in most of the schist belt, with N-NE trending strata showing consistent dextral minor 
folds, cleavage intersections and shear strain indicators, and are associated with westward 
stratigraphical younging. A second stage of deformation was more localized within 
discrete shear zones (Nurmi et al. 1993).  
 
Structures in the schist belt have been interpreted as representing more of a progressive 
deformation, instead of a series of separate tectonic events (Sorjonen-Ward 1993). It is 
believed that E-W compression or transpression caused anastomosing shear zones, which 
caused major F1 folding and dilation zones allowing for granitoid emplacement in a rung 
formation (Nurmi and Ward 1989). D1 deformation geometry is not necessarily 
overprinted by D2 deformation, which localized strong ductile strain. S2/S1 overprinting 
is visible in structures not affected by D2 formation stresses. Deformation occurring in 
the schist belt after the main deformational events caused brittle kinks and faults in dextral 
and NW trending orientations (Nurmi and Ward 1989). 
 
 
4.1.3. Geochronology 
 
The oldest rocks of the Hattu schist belt are those from the Archean craton, with U-Pb  
isotope data showing ages as old as 3.2-3.1 Ga in age. Crustal evolution occurred rapidly, 
with the ages of early volcanic rocks dating being dated at 2754 ± 6 Ma and the tonalite 
intrusions being dated at ca. 2745 Ma (Vaasjoki et al. 1989, Vaasjoki et al. 1993). The 
Hattu schist belt itself seems have been formed about 2.76-2.75 Ma in the form of 
metasediments of volcanogenic origin (Vaasjoki et al. 1993, Huhma et al. 2012). Rapid 
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crustal generation is thought to be from either an arc-continent collision zone or within a 
continental margin arc setting. The granitoids of the Hattu schist belt intruded after or 
possibly during the latter part of volcanic activity within the belt. The oldest plutons 
appear at the southern end of the belt with a general younging trend occurring towards 
the north.  
 
The Ilomantsi greenstone belt experienced a second metamorphic event, reaching the 
lower greenschist facies at 1.9 Ga, by being buried underneath a sequence of nappes in 
the foreland of the Svecofennian orogenic event (Eilu et al. 2003). This later metamorphic 
overprint did not substantially, if at all, contribute to mineralization within the greenstone 
belt (O'Brien et al. 1993b). Kontinen et al. (1992) makes the observation that rocks in 
exposed, near-granulite facies rocks retain their original Archean ages, as opposed to 
those affected by the later orogenic event. 
 
 
4.1.4. Mineralization within the Hattu Schist Belt 
 
Mineralization occurring throughout the Hattu schist belt is not thought to have been from 
several episodes, but rather at the metamorphic peak or slightly later than peak 
metamorphic conditions. This conclusion is based on analysis of mineral assemblages, 
textures, and structural relations. Syntectonic tonalite intrusions that host mineralization 
constrains timing for gold mineralization as being synchronous with deformation (Nurmi 
et al. 1993). However, post-mineralization metamorphic overprinting has been found as 
indicated by porphyroblastic growth and minor ore mineral remobilization, without major 
structural deformation (Nurmi and Sorjonen-Ward 1993, Rasilainen 1996).  
 
Gold is predominantly located within contact zones of clastic metasedimentary rocks and 
tonalitic intrusions or porphyry dikes (Rasilainen 1996). It is mostly found disseminated 
throughout those areas affected by hydrothermal alteration that have undergone structural 
modification such as folding or shearing and appears as either native gold or as electrum 
alongside disseminated tellurides and native bismuth (Kojonen et al. 1993). Gold also 
occurs within quartz veins that may or may not contain substantial amounts of tourmaline. 
Crystallization temperatures of gold with sulfide minerals are thought to have been below 
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500ºC and most likely closer to 400ºC, whereas the telluride-gold-bismuth minerals were 
probably formed around temperatures of 300ºC (Kojonen et al. 1993).  
 
Sulfides appear in tonalites within shear zones, in sericite schists and in quartz-carbonate 
veins (Kojonen et al. 1993). Pyrite appears predominantly in tonalites along with lesser 
amounts of pyrrhotite, whereas pyrrhotite is present as the dominant mineral within 
metagraywackes and sericite schists (Kojonen et al. 1993). Arsenopyrite, often with 
elevated amounts of Co and Ni, appears instead of pyrite within metagraywackes and 
sericite schists. Oxides throughout the Hattu schist belt consist primarily of the titanium-
bearing minerals ilmenite in mica schists and rutile. Rutile is a typical mineral in 
hydrothermally altered sericite schists (Kojonen et al. 1993). Ilmenite alters to rutile in 
alteration zones often being found in shear zones, and as a result tends to appear alongside 
tellurides, sulfides and gold (Kojonen et al. 1993). Scheelite and molybdenite are also 
common as disseminations in hydrothermal veins and in alteration contacts of 
metasedimentary rocks. Tellurides makes their appearance as very small grains along 
with sulfides, gold, and bismuth.  
 
Tourmaline appears as green-brown, zoned, elongated minerals within tourmaline-quartz 
veins of hydrothermally altered deposits within the belt, with compositions falling 
between that of Fe-Mg-bearing dravite-schorl.  (Kojonen et al. 1993). Biotite is a major 
mineral appearing throughout the belt in conjunction with garnets in mica schists and in 
tonalites, both having similar compositions. Biotite commonly is altered to chlorite and 
sericite within hydrothermally altered zones and within veins (Kojonen et al. 1993). The 
garnets are often zoned with an enrichment of Mg in the core compared with the rims, 
indicating a pressure decrease during growth (Hölttä et al. 2012).  
 
 
4.1.5. Hydrothermal Geochemistry and Alteration 
 
Hydrothermal alteration occurs throughout the entire Hattu schist belt, resulting from 
fluid pathways being formed along contact zones of intrusions and supracrustal rocks that 
have undergone intense deformation. Deposits within the Hattu schist belt seem to have 
common fluid and metal sources at the domain scale, however enrichments of specific 
minor metals may not always correlate between deposits (Eilu et al. 2003). When 
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compared to other lode-gold deposits of the world the Hattu schist belt is more distinctly 
enriched in B, but shows less metasomatism, hydration, and carbonation (Rasilainen 
1996). 
 
Fluids have been studied in the Hattu schist belt, and share some similar characteristics 
to other known orogenic gold deposit fluids, such as aqueous-carbonic fluids, but some 
data are slightly atypical. The δ18O compositions of fluids are similar to other Archean 
orogenic gold deposits, however the Hattu schist belt has higher salinity (6 - 11 wt % 
NaCl) in the fluids, as well as a large variation in δD values (O'Brien et al. 1993b). 
 
 
4.2. GEOLOGY OF THE KORVILANSUO PROSPECT 
 
Numerous gold deposits and prospects appear along the Hattu schist belt; some such as 
the Pampalo and Rämepuro deposits are currently being mined for gold by Endomines 
Oy. Notable gold-bearing ore locations include: the Hosko deposit, Rämepuro prospect, 
Muurinsuo prospect, Kuittila prospect and the Korvilansuo prospect (Fig. 5). The focus 
of this study, the Korvilansuo prospect, has proven gold assay results that vary widely. 
Some drill cores have shown no significant results in gold ore mineralization, while others 
have shown intense mineralization of up to 41.1 g/ton in a one-meter segment. The 
average inferred assay results show an average gold ore grade of 2.0 g/ton (Endomines 
2011, 2014). 
 
The Korvilansuo prospect is a hydrothermally altered contact area located between the 
Silvevaara granodiorite and the Kuittila tonalite intrusions, which are among the oldest 
intrusions of the Hattu schist belts with ages of approximately 2.75 to 2.74 Ga (Sorjonen-
Ward 1993). Within the prospect area, different structural units are situated sub-parallel 
with the eastern contact of the Kuittila tonalite intrusion (Nurmi et al. 1993). The 
formation features alternating feldspathic graywackes and pelitic sediments, grading into 
mica schists. The prospect does not contain any geophysical anomalies. Previous 
geochemical analyses from till samples show that the mineralization is enriched in Au, 
Te, As, B, S, and CO2 and depleted in Na, which represent hydrothermal alteration and is 
similar to other deposits within the Hattu schist belt (Nurmi et al. 1993). 
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4.2.1. Lithology 
 
The major host rocks of the Korvilansuo prospect are metagraywackes, metapelites, and 
mica schists. The protoliths of the mica schists are feldspathic graywacke and pelitic 
protoliths, whereas the protoliths of the metagraywackes are of volcanogenic origin. The 
metagraywacke bedding shows grading, current bedding, and strain, resulting in variable 
thickness throughout the formation (Sorjonen-Ward 1993). Turbidite sequences are 
present, but without a full representation of the complete Bouma sequence as a result of 
intense foliation and deformation as well as porphyroblast growth in pelitic horizons 
(Sorjonen-Ward 1993). 
 
 
 
Fig. 5. Bedrock map of the Hattu schist belt in the highlighted area of eastern Finland and its major known gold 
deposits. Data: Geological Survey of Finland 
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Minor host rocks in the formation are polymictic conglomerate intercalations in the mica 
schists, as well as small mafic lithologies. Mica schists are intruded by felsic porphyry 
and gabbroic dykes and tonalite. Thick tonalitic porphyry dykes with quartz and 
plagioclase phenocrysts intrude mica schists and are associated with extensive 
hydrothermal alteration and mineralization. As a result of fracturing and hydrothermal 
activity, all lithologies in alteration zones may contain small to large quartz-tourmaline 
veins and veinlets. 
 
 
4.2.2. Structural Domain 
 
The Korvilansuo prospect lies within the Korvilansuo shear zone, which is the 
easternmost of three shear zones between the Kuittila tonalite and Silvevaara 
granodiorite. Depositional younging is present outwards on both sides of the Korvilansuo 
shear zone towards both the Kuittila tonalite and Silvevaara granodiorite. Dextral 
shearing is apparent along the western margin of the Kuittila tonalite, with strain exhibited 
in rocks and S2 crenulation cleavage with respect to lithological layering (Sorjonen-Ward 
1993). 
 
The Korvilansuo shear zone obliquely truncates the hinge of the Muurinsuo antiform, 
with displacement increasing southwards (Sorjonen-Ward 1993). Mica schists display 
geomagnetic signatures showing upward convex folds along the Korvilansuo shear zone. 
Between the eastern and western limbs of the Muurinsuo antiform, the degree of 
divergence is close to 40º and is deflected parallel to the Kuittila tonalite margin 
(Sorjonen-Ward 1993). The sole conglomerate lithology located within the Korvilansuo 
prospect is folded around the Muurinsuo antiform without interruption (Sorjonen-Ward 
1993).  
 
 
4.2.3. Hydrothermal Alteration 
 
Hydrothermal alteration is widespread in both tonalites and mica schists, with the tonalite 
altering to fine-grained tourmaline-quartz rocks (Nurmi et al. 1993). Aluminous pelitic 
sediments show alteration to chlorite, sericite, biotite, garnet, and staurolite, with textural 
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evidence showing growth after pervasive deformation, but before crenulation cleavage 
formation, thus giving possible timing to gold mineralization (Sorjonen-Ward 1993). 
Gold grains are found throughout hydrothermally altered areas and gold is detectable in 
deformed rocks in zones spanning hundreds of meters (Nurmi et al. 1993). However, there 
is no known correlation between Au content and the intensity of hydrothermal alteration 
or presence of sulfides.  
 
 
4.2.4. Mineralization  
 
Mineralized lithologies consist primarily of sheared, silicified, partially-tourmalinized 
porphyry dykes and tourmaline-bearing mica schists, with indications of chlorite-sericite 
alteration (Nurmi et al. 1993). Mineralized veins appear as N-NE trending steeply dipping 
lodes throughout the prospect. Gold is disseminated within mica schists and within 
tourmaline-quartz veins that are up to tens of centimeters thick. The concentration of gold 
has been found to be up to 10-15 ppm within schists overlying the main tonalite dyke 
(Nurmi et al. 1993).  
 
Kojonen et al. (1993) performed previous mineralogical studies and found sulfides 
appearing in the form of chalcopyrite, pyrrhotite, pyrite and lesser amounts of 
arsenopyrite, sphalerite, and galena. Native gold was found associated with sulfides, as 
free gold grains, and also appeared commonly associated with tellurides and native 
bismuth. Tellurides were found in combination with many elemental associations 
including: Au, Ag, Bi, Pb, and Fe. 
 
 
5. PETROGRAPHY 
 
A detailed petrographic study was performed on 19 representative thin sections of the 
Korvilansuo prospect. As the deposit is heavily metamorphosed and hydrothermally 
altered, those sample types exhibiting hydrothermal alteration were given preference in 
sample selection. Petrography and rock classification was performed using the 
classification system for igneous rocks by Le Maitre et al. (1989) and for metamorphic 
rocks by Fettes and Desmons (2007). 
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Samples show metamorphic textures resulting from both regional metamorphism and 
dynamic metamorphism resulting from the extreme deformation present within the shear 
zone of the Korvilansuo prospect. Hydrothermal alteration is readily visible and almost 
all samples exhibit tourmalinization and quartz veining. Based on mineralogy, nearly all 
samples analyzed fall into the greenschist facies, with some reaching into the lower 
amphibolite facies of metamorphism. 
 
 
5.1. Tonalite 
 
Tonalite is composed principally of plagioclase (40%), quartz (30%), biotite (10%), 
carbonates (10%), and tourmaline (10%) (Fig. 6). Quartz and plagioclase grains appear 
fine-grained (10-100 µm), subhedral and equigranular. They are found throughout the 
sample, with larger euhedral plagioclase grains undergoing sericitization appearing and 
with quartz showing some signs of recrystallization. Calcite appears throughout the 
sample in varying grain sizes ranging from 0.1 to 1 mm, and is mostly found in the form 
of calcite veins as a result of hydrothermal alteration (Fig. 6). Grains of calcite appear 
with polysynthetic twinning as well as well-defined cleavages. Other fine-grained 
carbonates besides calcite are present as well. Tourmalines and biotite are present in 
surrounding altered areas and show no preferred orientation. Accessory minerals 
throughout the sample include amphibole, apatite, and zircons.  
 
 
  
 
Fig. 6. Photomicrographs of tonalite from Korvilansuo from sample MSH-10b. (A) PPL: Calcite vein within a quartz 
vein with nearby biotite grains. (B) XPL: Calcite vein showing characteristic high birefringence. Calcite is located 
within a quartz vein with nearby biotite grains. Abbreviations: BIO = biotite, CAL = calcite, QTZ = quartz. 
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5.2. Metasedimentary rocks 
 
Metapelites and Metagraywackes appear within some samples and form sharp contacts 
with zones grading to mica schists. Various samples show laminar zoning with 
thicknesses of 1-2 mm of fluctuating compositions and grain sizes. Layers exhibit 
mylonitic textures resulting from high rates of strain and local deformation. Metapelitic 
intercalating sequences are not as prominent as the metagraywackes, but feature 
extremely fine grained clay minerals, suggesting a possible volcanogenic tuff origin. 
 
Graywacke samples obtained for this study from the Korvilansuo prospect feature 
extensive metamorphism, with some completely altered to mica schists and others not 
quite as altered that could be classified as metagraywackes. Most fine-grained matrix has 
metamorphosed into different mineralogical assemblages. The samples feature foliation 
and extensive grain recrystallization resulting in varying grain sizes of the same minerals 
between layers. Bands of garnet, quartz, and sulfides are distinct within sample MSH-15 
and feature asymmetric boudin textures resulting from fracturing along shear zones. 
Quartz within unaltered graywackes shows graded bedding with increasing grain sizes 
ranging from 10-100 µm. Biotite appears throughout the samples as elongated grains 
ranging from 0.5 to 1 mm in size and showing no preferred orientation, but appears 
alongside altered and deformed areas. Larger biotite grains show some preferred 
orientation resulting from shearing and strain. The chemical composition of the biotites 
appears to change with proximity to alteration as well, with the darkest biotites appearing 
closest to the alteration zones. Garnet porphyroblasts over 1 mm in size appear in the 
most fine-grained areas of the sample, but appear as large boudinaged bands near altered 
and deformed zones. Chlorite and muscovite appear as very fine-grained minerals 
measuring 100-200 mm throughout, with grain sizes also increasing near heavily altered 
areas. Extremely-fine grained muscovite and quartz, and possibly feldspars most likely 
comprise the matrix surrounding garnet porphyroblasts in the most unaltered areas.   
 
Excluding the hydrothermal quartz-tourmaline samples, most thin sections from the 
Korvilansuo prospect can be classified as mica schists. Most of the samples are biotite-
schists or biotite-chlorite schists, with one of them being biotite-chlorite-sericite schist. 
Foliation or spaced schistosity is present on the less-developed schists that tend to have 
larger porphyroblasts of mica minerals. There is evidence of carbonate grains within the 
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matrix of some samples, as well as the sericitization of biotite grains in another. Relict 
textures of andalusite porphyroblasts are also present in some of the less developed schists 
though they have largely been recrystallized. 
 
Secondary minerals such as quartz and fine-grained hypidioblastic plagioclase appear 
uniformly across all samples, with quartz being the dominant phase. These secondary 
minerals appear very fine-grained (<150 µm), especially when compared the mica 
porphyroblasts that occasionally reach 500 µm in size (Fig. 7). Accessory minerals within 
the schists include small amounts of titanite, zircons, and apatite. Although found in 
previous studies, no garnet porphyroblasts were found within the micas schist samples. 
Some samples may also contain small veinlets of tourmaline and quartz, although nothing 
substantial is present. Secondary, hydrothermal chlorite can be observed forming around 
these veinlets with grain sizes being larger and with a seemingly random orientation. 
 
  
 
Fig. 7. Photomicrographs of mica schist from Korvilansuo from sample MSH-16. (A) PPL: Biotite schist with 
equigranular quartz. (B) XPL: Biotite schist with equigranular quartz. Abbreviations: BIO = biotite, QTZ = quartz. 
 
 
5.3. Quartz-Tourmaline Veins 
 
Tourmalines within the Korvilansuo Prospect are abundant and appear in almost any host 
rock that has undergone even weak hydrothermal alteration. The tourmalines sometimes 
appear as veins, crosscutting the host rocks, and are heavily associated with quartz 
veining, sometimes also appearing as small accessory growths within a rock. Previous 
studies have shown the tourmalines to be of largely dravite-schorl composition (Kojonen 
et al. 1993). 
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Fig. 8. Photomicrographs of quartz-tourmaline veins from Korvilansuo from sample MSH-3. (A) PPL: Elongated 
tourmaline schists, with tourmaline grains measuring on the scale of millimeters in length. (B) PPL: Gradation of size 
in tourmaline grains distal to hydrothermal vein. Abbreviations: TRM = tourmaline. 
 
The grain size distribution of tourmalines in various host rocks do not seem to show any 
correlation with rock type. Grains can be extremely fine-grained (<0.1 mm) and may 
reach over 5 mm in length (Fig. 8a). Tourmalines are largest and are aligned along 
fractures near larger hydrothermal quartz veins. In contrast, tourmalines are smaller, with 
no preferred orientation, and appear as brecciated aggregates when near veinlets or 
proximal to quartz veins (Fig. 10a). Tourmaline crystal shape can be described as 
idioblastic to hypidioblastic, and with the crystal morphology ranging from equant and 
tabular in smaller grains to elongated and prismatic in massive grains. In plane polarized 
light, tourmalines appear distinctly pleochroic, show growth zoning, and range in color 
from light green to dark brown.  
 
  
 
Fig. 9. Photomicrographs of quartz-tourmaline veins from Korvilansuo. (A) PPL: Elongated tourmaline schists, with 
tourmaline grains measuring on the scale of millimeters in length from sample MSH-3. (B) PPL: Brecciated 
tourmaline grains from sample MSH-6. Abbreviations: TRM = tourmaline. 
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Fig. 10. Photomicrographs of quartz-tourmaline veins from Korvilansuo. (A) PPL: Tourmaline foliation oblique to 
shear zones, with tourmaline grains showing noticeable differences in size near the veinlets compared to those distal 
of the main quartz vein from sample MSH-8a. (B) PPL: Tourmaline grains growing within the quartz vein with no 
orientation. Titanite can also be seen in the center from sample MSH-2a. Abbreviations: SPH = titanite, TRM = 
tourmaline. 
 
Quartz appears throughout the samples in the veins as massive anhedral grains, with 
deformation leading to elongation and grain boundary migration. Quartz grains in the 
veins appear to be anywhere from 1 to 5 mm or more in size. Fluid inclusions are present 
within quartz as mostly secondary or pseudosecondary inclusions. In cross polarized 
light, quartz throughout all samples displays undulose extinction reflecting some degree 
of deformation. Grain boundaries of the quartz grains range from straight, to curved, to 
embayed, depending on the amount of strain present in the rock. Some grain boundaries 
are bulging and represent conditions that are near to the formation of smaller sub-grains 
of quartz. The quartz tourmaline veins contain smaller amounts of as gold, tellurides, 
pyrite, pyrrhotite, chalcopyrite, ilmenite, rutile, calcite, chlorite, muscovite, and titanite. 
Small veinlets sometimes branch off from main quartz veins and are usually filled with 
muscovite and quartz. Hydrothermal chlorites appear to be present as fracture filling and 
also form as alteration minerals together with the Fe-Ti oxides. Textural evidence 
suggests that chlorites are mainly retrogressive and formed upon cooling from 
metamorphic peak temperatures. 
 
 
5.4. Metamorphism and Deformation 
 
Various mineral assemblages, different stages of alteration, and metamorphism are 
apparent within the samples. Relict minerals of amphiboles appear within the sample in 
sparse amounts (Fig. 11b). In the mica schists, some relict andalusite porphyroblasts 
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appear to have been replaced by sericitized pseudomorphs. Alteration assemblages across 
all host rocks appear predominantly composed of chlorite, biotite, garnet, and 
tourmalines. These mineral assemblages represent those typical among greenschist to 
lower amphibolite facies within orogenic and regional metamorphism. Staurolite and 
stilpnomelane were noticeably absent from the samples. 
 
Deformation is apparent within the different rock types present in the Korvilansuo 
Prospect. Metasedimentary rocks have been altered to mica schists and show varying 
degrees of foliation amongst the different samples. Some of the metapelites display slaty 
cleavage, while some and most of the metagraywackes exhibit schistosity.  Portions of 
some of the metasedimentary rocks have a mylonitc texture, representing ductile 
deformation within the Korvilansuo prospect. Kink Bands are present within 
tourmalinized wall-rocks of the quartz tourmaline veins due to slip along closely spaced 
surfaces.  
 
  
 
Fig. 11. Photomicrographs displaying deformation and relict minerals. (A) PPL: Tourmalines with kink banding 
growth in the center from sample MSH-3. (B) PPL: Large growth of amphibole grain, with slight alteration to 
chlorites and Ti-bearing minerals from sample MSH-2b. Abbreviations: AMP = amphibole, APA = apatite, BIO = 
biotite, ILM = ilmenite, QTZ = quartz, TRM = tourmaline. 
 
Shearing is found across the representative samples in the various lithologies, indicating 
that deformation was universal. Shear sense indicators are visible through the bent 
elongated tourmaline prisms. Minerals within the Korvilansuo prospect not only show 
regional metamorphic traits, but also dynamic metamorphism is apparent within textures 
throughout the sample Quartz growth and grain boundaries within hydrothermal veins 
suggest that recrystallization has occurred and that the quartz grains were strained. 
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Fig. 12. Photomicrographs displaying deformation. (A) and (B) PPL: Garnet slip and boudin deformation across a 
fault plane with biotite and chlorite sealing in newly opened porosity and showing mica fish texture. (C) PPL: 
Slightly rotated garnet porphyroblasts within fine-grained metasediments. (D) XPL: Slightly rotated garnet 
porphyroblasts within fine-grained metasediments. Abbreviations: BIO = biotite, CHL = chlorite, GRT = garnet, QTZ 
= quartz. 
 
 
5.5. Hydrothermal Alteration 
 
The amount and extent of alteration varies between the samples. This is indicative of the 
alteration amount varying with proximity to fractures with focused hydrothermal fluid 
flow and with deformation. Quartz within the metagraywackes appears in a wide variety 
of textures and grain-sizes. Feldspars are pervasively sericitized within the samples as 
they subjective to alteration when reacting with hydrothermal fluids. Unaltered feldspars 
only appear as small grains within metasedimentary rocks and within the tonalite, as they 
have not been altered as much as the other rock types. The presence of large quantities of 
tourmaline within a given sample suggest a large enrichment of boron throughout the 
sample carried from the hydrothermal fluids or that the boron was released from mica or 
clay minerals in conjunction with prograde metamorphism. Tonalite from the 
Korvilansuo prospect was the only rock type to feature a central calcite vein with 
surrounding tourmalines. 
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Muscovite and chlorite often appear in large quantities with minor biotite, and some 
samples have a majority of biotite with comparatively minor amounts of chlorite and 
muscovite. This variation of micas represent the alteration and metamorphism of different 
host rocks, with the biotite-bearing rocks representing more metasedimentary rock 
protoliths and the muscovite/chlorite assemblages representing mafic volcanic and 
volcaniclastic sedimentary protoliths.  
 
  
 
Fig. 13. Photomicrographs displaying hydrothermal alteration. (A) Large relict euhedral plagioclase grain that is 
undergoing sericitization and chloritization from sample MSH-4. (B) PPL: Large potassium feldspar grain 
undergoing large amounts of sericitization from sample MSH-2a. Abbreviations: CHL = chlorite, KFS = K-feldspar, 
MUS = muscovite, PLG = plagioclase, QTZ = quartz, RUT = rutile. 
 
Alteration of Ti-bearing minerals is abundantly present within the rocks, with more 
alteration being apparent within the quartz-tourmaline veins. Titanite and leucoxene are 
primarily visible outside the quartz-tourmaline host rocks. Rutile formed from titanite, 
ilmenite, and biotite from the quartz-tourmaline host rocks. Tourmaline appears heavily 
in conjunction with hydrothermally altered host rocks. Tourmalines appear near 
hydrothermal quartz veins, with an increase in size and quantity of grains proximal to the 
veins. Wall-rock adjacent to the hydrothermal quartz vein shows heavy tourmalinization. 
Disseminated tourmalines appear in hydrothermally altered country rocks, but is absent 
within the country rocks showing little to no alteration. 
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6. ORE PETROGRAPHY 
 
6.1. Gold 
 
Gold is the only significant native metal found within the samples from Korvilansuo. 
Gold typically appears in the samples as anhedral grains surrounded by silicates and 
brecciated tourmaline grains in a disseminated manner (Fig. 14). Gold grains are also 
mostly situated in close proximity to other telluride minerals or pyrrhotite grains (Fig. 
15a). The fracture-filling nature of the gold grains represents deposition occurring after 
pervasive deformation of tourmalines. Grain sizes are extremely small, with the largest 
gold grain measuring approximately 30 microns, and the average grain is approximately 
5-10 microns in size. 
 
 
 
Fig. 14. Reflected-light photomicrograph showing gold grains residing within tourmaline host rocks. Pyrrhotite is 
visible in the lower left and upper right corners. Tsumoite is visible within the upper right corner from sample MSH-
3. Abbreviations: GLD = gold, Po = pyrrhotite, TSU = tsumoite. 
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Fig. 15. Reflected-light photomicrographs. (A) Small grain of gold hosted within tourmaline near large sulfide grain 
from sample MSH-7b. (B) Disseminated gold grain within tourmaline hosts from sample MSH-12. Abbreviations: 
GLD = gold, Po = pyrrhotite, TSU = tsumoite. 
 
 
6.2. Tellurides 
 
Tellurides in the samples proved to be quite difficult to determine by optical microscopy 
and SEM-EDS in the Korvilansuo samples due to their extremely small grain sizes. Only 
two samples presented telluride minerals that were of large enough size to be distinctly 
studied with the use of the petrographic microscope. Fortunately the tellurides present 
provided a wide compositional range and therefore allowed different representative 
telluride mineral phases to be seen. A number of tellurides on the order of a few microns 
were found later with the aid of the microprobe, and in any case it must be employed to 
confirm the exact chemical composition of the tellurides. Of the tellurides found, tsumoite 
is consistently the largest, while others such as hessite were found to be approximately 
10 microns wide in the largest grains. Tellurides are typically found in open spaces or 
interstices of various minerals, mainly tourmalines, which represent a later deposition 
into open areas. The small grain sizes commonly found associated with tellurides are 
indicators that crystallization occurred late and after larger ore minerals such as sulfides 
crystallized. 
 
 
6.2.1. Tsumoite (BiTe) 
 
Tsumoite appears as a solitary grain measuring 30-40 microns across and is associated 
with gold in the shear zone of the MSH-3 sample. Analysis of the mineral by optical 
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microscopy characteristics proved difficult and was confirmed to be tsumoite by 
subsequent analysis using the microprobe. The grain appears to be filling in open space 
as it appears in interstices between tourmaline grains. 
 
Tsumoite also appears alongside pyrite with intergrowths of volynskite and hessite within 
a large aggregate of telluride minerals. The telluride aggregate measures approximately 
200 microns across, making it unusually large compared to appearances of other telluride 
minerals of the Korvilansuo prospect observed in this study (Fig. 16). The relief appears 
quite low, indicating its softness, along with the neighboring telluride species. Sample 
MSH-7b, which contains the telluride aggregate, appears to host brecciated pyrite and 
thus represents deformation, which is in common with the tsumoite grain found in sample 
MSH-3. 
 
 
 
Fig. 16. Reflected-light photomicrograph showing large telluride grain dominantly containing tsumoite, and lesser 
amounts of hessite and volynskite located near sulfide grains from sample MSH-7b. Abbreviations: HES = Hessite, 
Py = Pyrite, TSU = tsumoite. 
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6.2.2. Hessite (Ag2Te) 
 
Hessite appears within the large aggregate of telluride minerals (Fig. 16) as the grey 
mineral appearing on the sides and as inclusions of the larger tsumoite grain. Hessite 
appears anhedral and has no clear distinction in relief from the other telluride minerals. 
Volysnkite was found adjacent to hessite (MSH-7b), but there is no clear relief or color 
shift between the two minerals. 
 
 
6.3. Sulfides 
 
Sulfides are found throughout the Korvilansuo deposit and appear within virtually every 
sample examined. Pyrrhotite and pyrite appear as the dominant sulfide minerals, with 
other sulfides appearing within only specific rock types. Sulfides, such as galena, appear 
in almost every sample randomly as very small irregular, platy grains measuring 5 to 10 
microns in size. Sphalerite is found together with pyrite and ilmenite in some samples, 
but appears only as residual 10-20 µm grains.  Other sulfide mineral phases were found 
with the aid of the electron microprobe, but appear as very fine-grained (approximately 5 
microns) and randomly distributed. 
 
 
6.3.1. Pyrite (FeS2) 
 
Pyrite is one of the most common sulfides within the Korvilansuo prospect, appearing in 
samples that are the most hydrothermally altered, and that feature tourmaline-quartz 
veins. Pyrite grains appear in reflected light as a pale-yellowish color and have a euhedral 
cube-like shape in most samples. The grain size distribution does not appear to have any 
correlation with host rock type or in relation to other minerals present within the same 
rock. Grain sizes appear from a few microns to larger than millimeter sizes. 
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Fig. 17.  Reflected-light photomicrographs (A) Pyrite and pyrrhotite grains within a hydrothermal quartz vein from 
MSH-3. (B) Pyrite and pyrrhotite grains within a hydrothermal quartz vein from sample MSH-8b. (C) Brecciated 
pyrite with chalcopyrite in pore spaces from sample MSH-7a. (D) Massive pyrite and skeletal pyrite grains from 
sample MSH-7a. Abbreviations: Cp = chalcopyrite, Po = pyrrhotite, Py = pyrite. 
 
Brecciation occurs in a coarse-grained pyrite aggregate and most likely was one of the 
earlier depositions (Fig. 18). In most other cases, when compared to the much softer 
pyrrhotite, pyrite appears less altered and affected by deformation. Pyrite and pyrrhotite 
are often found together, with pyrite frequently appearing as euhedral grains within larger 
pyrrhotite grains and within fractures of the pyrrhotite grains. The appearance of pyrite 
within pyrrhotite is an indication of younger growth after the pyrrhotite grains, but the 
pyrite grains could have been emplaced before pyrrhotite grains as well (Fig. 19). Chlorite 
growth adjacent to pyrite grains is a common occurrence throughout all samples.  
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Fig. 18. Reflected-light photomicrograph showing large field of brecciated pyrite within a hydrothermal quartz vein 
indicative of brittle deformation from sample MSH-7a. Abbreviation: Py = pyrite. 
 
 
 
6.3.2. Pyrrhotite (Fe1-xS) 
 
Pyrrhotite is the most common sulfide encountered within the Korvilansuo prospect and 
has been observed in nearly every sample. In mica schists, the pyrrhotite appears 
disseminated as grains ranging from 80 µm to several mm with random placement and 
orientation amongst the other minerals. When observed near hydrothermal quartz veins, 
pyrrhotite appears alongside pyrite and chalcopyrite in the form of fine-sized grains (less 
than 30 microns) grading up to more massive grains (many millimeters). Smaller 
disseminated pyrrhotite grains are often found near brecciated tourmalines, while larger 
pyrrhotite can be found in hydrothermal quartz veins associated with hydrothermal 
chlorites and sometimes strained quartz.  Throughout the samples, pyrrhotite shows a 
wide variety of colors in reflected light, ranging from pink to yellow to creamy brown.  
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Fig. 19. Reflected-light photomicrographs (A) Large boudin neck pyrrhotite grains with euhedral cubic pyrite grains 
within. Chalcopyrite is visible as well as compositional changes within pyrrhotite. Grains are located adjacent to 
chlorite grains from sample MSH-15. (B) Euhedral pyrrhotite grains hosting smaller pyrite and chalcopyrite grains 
within from sample MSH-10b. Abbreviations: Cp = chalcopyrite, Po = pyrrhotite, Py = pyrite. 
 
 
Pyrrhotite is extensively affected by deformation in some samples, with some pyrrhotite 
grains showing cracks and brittle features. Pyrrhotite in the matrix and within 
hydrothermal quartz veins displays straight mineral boundaries, which could be a result 
of open space growth in a fluid-filled fracture (Fig. 20b). In at least one sample gold was 
found as an inclusion within pyrrhotite grains using the electron microprobe. In other 
samples, the various pyrrhotite grains shows signs of annealing and replacement by 
titanium oxides. Pentlandite and cubanite commonly appear within some of the rock types 
containing pyrrhotite. 
 
  
 
Fig. 20. Reflected-light photomicrographs (A) Pyrrhotite grains with adjacent chalcopyrite grains within fractures 
from sample MSH-3. (B) Pyrrhotite grains in hydrothermal quartz vein from sample MSH-2b. Abbreviations: Cp = 
chalcopyrite, Po = pyrrhotite. 
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6.3.3. Chalcopyrite (CuFeS2) 
 
Chalcopyrite is a common sulfide found near and within hydrothermal quartz veins and 
is commonly present in interstices between quartz and silicates, but also is prominent 
within microfractures of hydrothermal quartz veins. It also is quite commonly adjacent to 
pyrrhotite grains throughout all the rock types. Chalcopyrite has a typical bright-yellow 
color. Cleavage and anisotropy are both weak in chalcopyrite, but can still be seen if the 
grains are large enough. The distribution of chalcopyrite within the samples varies 
depending on the host rock type. In hydrothermal quartz veins, the chalcopyrite grains 
often are accompanied with pyrrhotite and rarely pyrite, and are found unaccompanied 
within fractures and pore spaces (Fig. 21b). Within mica and tourmaline schist, they 
appear as isolated grains and inclusions within pyrrhotite. The grain size within the 
Korvilansuo prospect ranges from only a few microns in fractures to approximately 100 
µm when adjacent to some pyrrhotite grains. The detrital and fracture-filling nature of the 
chalcopyrite grains suggests a relatively late timing of deposition 
 
  
 
Fig. 21. Reflected-light photomicrographs. (A) Pyrrhotite grain with adjacent chalcopyrite grain from sample MSH-
5a. (B) Fracture-filling pyrite and chalcopyrite grains in hydrothermal quartz vein from sample MSH-7b. 
Abbreviations: Cp = chalcopyrite, Po = pyrrhotite, Py = pyrite. 
 
 
6.3.4. Pentlandite (Fe,Ni)9S8 
 
Pentlandite appears as its typical flame-like lamallae within pyrrhotite grains (Fig. 22). 
The pentlandite grains appear as brassy yellow-brown streaks within pyrrhotite, with the 
streaks often originating from the grain boundary. Samples where pentlandite occurs 
display extensive brecciation and strong deformation.  
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Fig. 22. Reflected-light photomicrograph showing disseminated pyrrhotite grains with inclusions of pentlandite 
flames along with disseminated ilmenite grains from sample MSH-8b. Abbreviations: Ilm = ilmenite, Pn = 
pentlandite, Po = pyrrhotite. 
 
 
6.3.5. Arsenopyrite (FeAsS) 
 
Arsenopyrite was encountered as extremely-fine grains, measuring only a few microns 
adjacent to pyrite and pyrrhotite grains. Although a rare occurrence, larger grains were 
found near the contact of hydrothermal alteration within metasedimentary hosts.  
Arsenopyrite appears as a silver-white colored mineral that has strong anisotropy. 
 
  
 
Fig. 23. Reflected-light photomicrographs. (A) Pyrrhotite grain with arsenopyrite grain inclusion on the bottom side 
from sample MSH-5a. (B) Large arsenopyrite grain within tourmaline grains and adjacent to smaller pyrrhotite grain 
from sample MSH-16. Abbreviations: Apy = arsenopyrite, Po = pyrrhotite. 
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6.4. Fe-Ti Oxides 
 
Samples of the Korvilansuo prospect were found to be noticeably lacking in iron oxides. 
However, the amount of iron-titanium and titanium oxides present within the samples 
proved to be very significant. Within the samples, ilmenite often appears alongside rutile 
and titanite, all of which show variable degrees of alteration. Kojonen et al. (1993) found 
ilmenite within mica schists and rutile within more hydrothermally altered schist, but in 
the samples analyzed, ilmenite appears within both mica schists and as massive grains 
within the hydrothermal quartz as well. 
 
 
6.4.1. Ilmenite (FeTiO3) 
 
Ilmenite occurs throughout most of the samples of the Korvilansuo prospect and is one 
of the most common ore minerals with abundance equivalent to sulfides. It appears in all 
rock lithologies and is usually present as massive grains along with sulfides and often as 
a fracture-filling mineral within hydrothermal tourmaline-quartz veins. Although ilmenite 
is common within all samples, variations of color and alteration are readily visible. Within 
more hydrothermally altered samples, ilmenite shows alteration to rutile and titanite. 
Within schistose samples that are not in close proximity to hydrothermal veins, most 
ilmenite appears with very little alteration giving indications of fluid effects and a 
carbonaceous composition of the fluid in order to form titanite.  
 
  
 
Fig. 24. Reflected-light photomicrographs. (A) Ilmenite and rutile within kink band of tourmaline host from sample 
MSH-3. (B) Large ilmenite grain within fracture adjacent to chlorite grain. Alteration is visible on grain edges to 
rutile and titanite from sample MSH-3. Abbreviations: Ilm = ilmenite, Rt = rutile, Ttn = titanite. 
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Fig. 25. Reflected-light photomicrograph showing massive, folded, fracture-filling band of ilmenite across 
hydrothermal quartz vein from sample MSH-4. Abbreviation: Ilm = ilmenite. 
 
 
6.4.2. Rutile (TiO2) 
 
Rutile appears throughout the Korvilansuo prospect as an alteration mineral of ilmenite 
and other Ti-bearing minerals. Most commonly, rutile appears within and around ilmenite 
grains, typically near the edges of ilmenite grains that reside within or near to 
hydrothermal quartz veins. When occurring alongside ilmenite, rutile appears as a small 
aggregate or as subhedral grains within the ilmenite. Rutile is also observed in the form 
leucoxene in transmitted light, consisting of a brownish-mesh of fine aggregated grains. 
Kojonen et al. (1993) made the observation that rutile seemed to be a good indicator of 
the presence of gold, and this was found to be true within the samples of Korvilansuo as 
well. Every detected gold grain in the studied samples, was also accompanied by rutile 
within the same sample, though rutile was sometimes present without gold as well. 
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Fig. 26. Reflected-light photomicrograph showing rutile inclusions within large ilmenite grain from sample MSH-2b. 
Abbreviations: Ilm = ilmenite, Rt = rutile. 
 
 
  
 
Fig. 27. (A) PPL microphotograph showing chlorite with rutile alteration that can be seen in the form of leucoxene 
from sample MSH-4. (B) Reflected-light photomicrograph showing rutile growth along grain boundaries and within 
fractures of chlorite grains from sample MSH-4. Abbreviations: CHL = chlorite, Rt = rutile. 
 
 
7. MINERAL CHEMISTRY 
 
Mineral chemical analyses were performed on 11 samples using the electron microprobe 
analyzer (EMPA) with energy-dispersive X-ray spectrometer (EDS) and wavelength-
dispersive X-ray spectrometer (WDS). Because of the nature of EDS results, quantitative 
results are based on measured element peaks without the use of standards. This allows for 
information on what elements are present within a mineral, but the data cannot be 
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quantified. Therefore, EDS results can only be used for the identification of mineral 
phases, but not for a comparison of quantitative results. 
 
 
7.1. Garnet 
 
A total of 45 points were analyzed of garnet grains in contact with biotite from the 
metapelitic and mica schist MSH-15 sample, which was the only sample that contained 
garnet within the study (Appendix D, Table D1). Garnet compositions have been 
recalculated on the basis of 12 oxygen atoms and the mol % of the six end-members of 
garnet, pyrope (Mg3Al2Si3O12), almandine (Fe
2+
3Al2Si3O12), spessartine (Mn3Al2Si3O12), 
andradite (Ca3[Fe
3+,Ti]2Si3O12), uvarovite (Ca3Cr2Si3O12), and grossular (Ca3Al2Si3O12), 
were also calculated. Garnets present within the sample are principally almandine-
spessartine in composition, with an appreciable grossular component present. The 
average composition of garnets measured is Alm41Gro19Py8Sp32. Variations in 
composition occur throughout these four end-members of the garnets analyzed. Of the 
the garnets analyzed, no spot contained over 1 wt. % of Ti and Cr analyzed was below 
the detection limits, therefore neglecting the end-members andradite and uvarovite. 
 
 
 
Fig. 28. Backscattered electron image of garnet within metasedimentary rock sample (MSH-15).  
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Reaction rims were not present within the analyzed garnets, nor was any appreciable 
compositional zoning detected between the rims of the garnet grains and their cores. 
Small inclusions were found within the garnets, consisting only of quartz, and little to no 
plagioclase. Though compositional zoning was not directly found, there is a rather large 
variation of Mn present throughout the different garnet grains analyzed, ranging from an 
average of approximately 10-17 wt. % MnO, barring two low anomalous readings. 
 
 
7.2. Biotite 
 
A total of 50 biotite grains were analyzed from the metapelitic and mica schist MSH-15 
sample to attain their major element compositions (Appendix D, Table D2). Only that 
particular sample contained appreciable amounts of biotite, as well as the only sample 
containing garnet grains for use in geothermometry. Biotite grains analyzed were 
typically found in close proximity to garnet grains throughout the sample. The analyzed 
points have an average Mg/(Mg+Fe) atomic per formula unit (apfu) ratio of 0.61 and the 
range of points analyzed show very little to almost no variation. Therefore, all of the 
analyzed points lie within the fields of eastonite and phlogopite (Fig. 29). The biotite 
grains have an average total Al apfu of 3.073 and could be considered slightly Al-rich. 
TiO2 is present, with a composition up to 2 wt. %. 
 
 
Fig. 29. Composition of biotite grains from the Korvilansuo Prospect as measured by WDS EMPA and plotted as 
total Al vs. Mg/(Mg+ΣFe), which represents the biotite solid solution series. 
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7.3. Chlorite 
 
 
The major element composition of 55 different chlorite grains from three hydrothermal 
quartz veins samples was analyzed (Appendix D, Table D3). The chlorite compositions 
have been calculated on the basis of 28 anyhydrous oxygens.  Chlorite grains are found 
amongst and locally marginal to sulfide grains formed within the hydrothermal veins. 
Chlorites analyzed display a compositional difference with the average Mg/(Mg+Fe) apfu 
ratio close to 0.5 between the samples MSH-4 and MSH-5a, and an apfu ratio of 
approximately 0.3 in that of MSH-7b (Figs. 31 and 32). Based on the composition of 
chlorites analyzed, all lie within the chlinochlore-chamosite field, which are the 
representative Mg and Fe end-members. Gold and sulfides were found in all samples that 
contained the analyzed chlorites, however MSH-7b was the only one found to contain 
telluride phases as well.  
 
 
 
Fig. 30. Backscattered electron image of chlorite within hydrothermal quartz vein (MSH-4). 
 
44 
 
 
Fig. 31. Composition of chlorite grains from the Korvilansuo Prospect as measured by WDS EMPA and plotted as 
total Si vs. Mg/(Mg+ΣFe). 
 
Chlorites analyzed did not display a large compositional difference in Al between 
samples, with an average total Al apfu of 4.73. The average AlVI apfu measured was 2.65 
and the average AlIV apfu recorded was 2.08. Cr2O3 was not present within the chlorites 
as the concentration of Cr was always below the detection limits of the EMPA. The 
average Mn apfu measured was 0.06, and did not substitute for Fe or Mg in any 
significance. The other oxides measured, TiO2, CaO, Na2O, and K2O did not appear in 
any significant amounts within the chlorites (Appendix D, Table D3). Among the three 
hydrothermal quartz samples, MSH-7b showed less amounts of Al and Mg, while 
containing more Fe and Si than the other two samples measured. 
 
 
Fig. 32. Composition of chlorite grains from the Korvilansuo Prospect as measured by WDS EMPA and plotted as 
total Al vs. Mg/(Mg+ΣFe) 
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7.4. Native Metals 
 
Native gold was found in minor amounts throughout the samples and some grains were 
sufficiently large enough to be analyzed with the EMPA. The largest grain sizes measured 
approximately 30 microns in size, but most were considerably smaller and measured 10-
15 microns. Grains of gold are located within fractures, between tourmaline grains, and 
near tellurides. 
 
 
 
Fig. 33. Backscattered electron image containing disseminated gold and tsumoite in sample MSH-3. Abbreviations: 
Po = pyrrhotite, Tsu =tsumoite. 
 
Though gold is by far the predominant element present, a significant amount of Ag is 
present within some of the gold grains in Korvilansuo (Appendix E, Tables E1 and E2). 
Three Au grains found in the MSH-7b sample contained up to approximately 25 wt. % of 
Ag, and therefore could be considered electrum, which is the Au-Ag alloy containing over 
20 wt. % of Ag (Palache et al. 1951). The gold alloy grains analyzed contained an average 
composition ranging from (Au61.05-72.04Ag25.97-37.78). No other concentrations of minor or 
trace elements were found above the detection limits of the EMPA within the gold alloys. 
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The only other native metal found within the Korvilansuo samples, was a single grain of 
Bi that measured less than 5 microns in width located within brecciated pyrite (Fig. 34). 
Unfortunately, due to the small grain size of the Bi it could only be analyzed using the 
EDS qualitative method. 
 
 
 
Fig. 34. Backscattered electron image of disseminated bismuth within hydrothermal quartz vein near brecciated pyrite 
(MSH-7a). Abbreviation: Py = pyrite. 
 
 
7.5. Tellurides 
 
Tellurides within the samples from Korvilansuo were sparsely encountered, far less than 
that of even gold occurrences. Tellurides occur in only four samples, and are present as 
very small 1-2 micron size grains filling fractures to the largest telluride patch which 
measured approximately 200 microns across. Because of the small grain sizes, many of 
the telluride grains could only be measured via EDS method and therefore the exact 
mineral composition could only be estimated. A large portion of Te-bearing minerals 
were even too small for EDS analysis, as they often showed interference from 
neighboring grains, typically quartz or sulfides. The tellurides found and analyzed 
included tsumoite, altaite, hessite, and petzite. The atoms per formula unit (apfu) was 
calculated for each telluride analyzed by the microprobe and can be seen in Table 1. 
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Table 1. Calculated atoms per formula unit of all telluride grains from the Korvilansuo prospect determined by WDS 
EMPA methods. Telluride minerals are normalized to the ideal number of tellurium atoms present in the chemical 
formula of the respective telluride. 
Atoms per formula unit  
Mineral S Fe Cu As Se Ag Sb Te Au Pb Bi 
Tsumoite 0.02 0.04 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 1.03 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.03 0.93 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.03 0.96 
Tsumoite 0.00 0.02 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.03 1.05 
Tsumoite 0.00 0.01 0.00 0.01 0.00 0.00 0.00 1.00 0.00 0.06 1.19 
Tsumoite 0.00 0.08 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 0.94 
Tsumoite 0.00 0.01 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.01 0.92 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.04 0.96 
Tsumoite 0.00 0.01 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.12 1.10 
Tsumoite 0.02 0.04 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 1.04 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 0.98 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 0.94 
Tsumoite 0.00 0.00 0.00 0.00 0.01 0.00 0.01 1.00 0.00 0.02 0.78 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 0.84 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.01 0.82 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.01 0.90 
Tsumoite 0.01 0.00 0.00 0.00 0.00 0.01 0.00 1.00 0.00 0.01 0.86 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.04 1.12 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.04 1.14 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 0.78 
Tsumoite 0.00 0.00 0.00 0.00 0.01 0.00 0.00 1.00 0.00 0.02 0.79 
Tsumoite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.01 0.82 
Hessite 0.00 0.01 0.00 0.00 0.00 1.75 0.00 1.00 0.00 0.00 0.01 
Hessite 0.00 0.00 0.00 0.00 0.00 1.81 0.00 1.00 0.00 0.00 0.02 
Hessite 0.00 0.00 0.00 0.00 0.00 1.62 0.00 1.00 0.00 0.00 0.02 
Hessite 0.00 0.00 0.00 0.00 0.00 1.51 0.00 1.00 0.00 0.05 0.06 
Hessite 0.00 0.00 0.00 0.00 0.00 1.65 0.00 1.00 0.00 0.00 0.02 
Hessite 0.10 0.07 0.00 0.00 0.00 1.56 0.00 1.00 0.00 0.00 0.00 
Petzite 0.02 0.11 0.00 0.00 0.00 2.72 0.00 2.00 1.27 0.00 0.00 
 
 
7.5.1. Tsumoite (BiTe) 
 
Tsumoite is the most commonly encountered telluride mineral within the samples from 
Korvilansuo appearing in three different samples. The largest portion of tsumoite found 
is within the massive 200 µm telluride patch encountered in sample MSH-7b sample (Fig. 
41). Other tsumoite grains are found along fractures near tourmaline grains, and appears 
as either isolated grains or grown onto rims of sulfide minerals such as pyrite, pyrrhotite, 
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and chalcopyrite. Tsumoite appeared to be the only relatively common telluride mineral 
phase and the only phase to have grain sizes commonly above 10 microns in size. 
 
The tsumoite grains analyzed contain 43.24-52.34 at. % Bi and 44.1-55.3 at. % Te, which 
represent a wide range of values and show the variability of composition within telluride 
minerals (Appendix E, Tables E3 and E4). Pb is found in significant quantities within the 
tsumoite grains, with a range of values of 0.5-5.23 at. %. The tsumoite grains also contain 
small amounts of S up to 0.8 at. % and Fe up to 3.92 at. %, most likely as a result of 
adjacent sulfides. The electron microprobe data show that the calculated average 
composition of tsumoite is [(Bi0.95Pb0.03)∑=0.98Te1.00] and is quite close to ideal 
stoichiometry. 
 
  
 
 
 
 
 
 
Fig. 35. Backscattered electron images. (A) and (B) Tsumoite grains situated between tourmaline grains (MSH-3 on 
left, MSH-7b). (C) and (D) Tsumoite grains adjacent to sulfide grains (MSH-3) Abbreviations: Po = pyrrhotite, Py = 
pyrite, TRM = tourmaline, TSU = tsumoite. 
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7.5.2. Hessite (Ag2Te) 
 
Hessite is a telluride mineral that was found as an inclusion and grown on the rims of the 
massive 200 µm telluride patch. It was found to contain 56.9-63.9 at. % of Ag, making it 
the one of the most significant Ag-bearing mineral phases found from the deposit. It also 
contains 35.3-38.1 at. % Te (Appendix E, Tables E5 and E6). The mineral contains minor 
concentrations of up to 1.8 at. % Pb, and Bi with a concentration of up to 2.4 at. %. Minor 
amounts of Fe and S were also found to be present, likely resulting from adjacent pyrite 
and pyrrhotite grains. The calculated average composition on the basis of one full atom 
of tellurium in hessite is (Ag1.65Te1.00). Measured silver is below the ideal stoichiometric 
ratio for Hessite. 
 
 
 
Fig. 36. Backscattered electron image. Large 200 µm grain of three different telluride phases including hessite, 
volynskite, and tsumoite. The lightest phase is tsumoite, whereas the gray phase is volynskite. Hessite can be seen as 
an inclusion within the gray volynskite phase towards the central-bottom portion. (MSH-7b) Abbreviations: HES = 
hessite, TSU = tsumoite, VOL = volynskite. 
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7.5.3. Petzite (Ag3AuTe2) 
 
A small grain of petzite appears as an elongated 5 µm by 20 µm inclusion, along with a 
2 µm large grain of Au within pyrite (Fig. 37). This is the only petzite grain that was 
found within the samples and the composition can be seen from Appendix E, Tables E7 
and E8. The mineral phase is close to ideal of that of petzite and only includes very minor 
amounts of S and Fe, which is possibly only interference from the surrounding pyrite 
grain. The petzite grain is located adjacent to the compositional growth rings shown in 
Fig 37. The electron microprobe data show that the calculated average composition of 
petzite is (Ag2.72Au1.27Te2.00).  
 
 
 
Fig. 37. Backscattered electron image. Small petzite grain located within pyrite compositional zoning. Small grain of 
Au can be seen in upper left. (MSH-8b) Abbreviation: PET = petzite. 
 
 
7.6. Sulfides 
 
Sulfides are the most common ore minerals appearing throughout all of the Korvilansuo 
samples in various forms and quantities. Often the sulfides appear as fracture-filling 
grains within hydrothermal quartz veins and also as disseminated phases with the majority 
appearing as pyrrhotite within altered mica schists. Sulfides other than pyrrhotite, pyrite 
and chalcopyrite form a small minority of sulfide grains encountered, with most seeming 
to be very small residual grains on grain boundaries and within fractures.  
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7.6.1. Pyrite (FeS2) 
 
Pyrite appears within almost all of the samples, but is predominantly found in euhedral 
crystals enclosed within hydrothermal quartz. Pyrite is often found alongside pyrrhotite 
grains of similar size ranging from 100-200 µm (Fig. 38b). Although not typical, some 
pyrite grains display concentric compositional zoning, which represents compositional 
changes during crystal growth. Unfortunately, due to the small size of the intergrowths, 
the compositional changes could not be distinctly analyzed. All pyrite analyses can be 
seen from Appendix E, Tables E9 and E10. 
 
  
 
Fig. 38. Backscattered electron images. (A) Pyrite with smaller amounts of REE phases and pyrrhotite (MSH-8a). (B) 
Pyrite and pyrrhotite grains. Pyrite has visible compositional zoning in the form of concentric rings (MSH-8b). 
Abbreviations: Po = pyrrhotite, Py = pyrite, REE = rare earth elements. 
 
 
Table 2. Composition of pyrite grains from the Korvilansuo prospect determined by WDS EMPA. 
Weight % S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 53.36 0.00 43.36 0.96 0.08 0.01 0.01 0.61 0.01 0.00 0.01 
Minimum 48.63 0.00 36.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 57.01 0.02 46.11 5.01 0.63 0.03 0.03 7.06 0.03 0.02 0.04 
Atomic % S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 67.44 0.00 31.48 0.67 0.06 0.00 0.00 0.34 0.01 0.00 0.00 
Minimum 64.24 0.00 27.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 69.84 0.01 34.07 3.60 0.46 0.02 0.02 3.99 0.02 0.01 0.01 
Apfu S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 2.00 0.00 0.93 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Minimum 2.00 0.00 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 2.00 0.00 1.03 0.11 0.01 0.00 0.00 0.12 0.00 0.00 0.00 
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The Pyrite grains analyzed contain 64.2-69.8 at. % of S and 27.7-34.1 at. % of Fe. Minor 
to significant amounts of Co were found in some grains with up to 3.6 at. % being present. 
As was also present within some samples with up to 4.0 at. %. The elevated amounts of 
As and Co are found together within the same samples, which shows a correlation 
between the partitioning of the two elements. Trace amounts of Ni of up to 0.5 at. % were 
found in some samples, but most analyses were under the detection limit. The average 
calculated composition of pyrite grains normalized to one sulfur atom is 
[(Fe0.93Co0.02As0.01)∑=0.96S2.00].  
 
 
Fig. 39. Fe-As ratios in pyrite from Korvilansuo. Apfu = atoms per formula unit. 
 
 
 
Fig. 40. Fe-Co ratios in pyrite from Korvilansuo. Apfu = atoms per formula unit. 
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Grains of pyrite that show elevated amounts of Co and As indicate pulse of those elements 
within the deposit. Fig. 39 shows there is a slight variation in the presence of As regardless 
of Fe present in pyrite grains. However, there is a somewhat random correlation with 
increased Co when there is a Fe-deficiency in pyrite grains (Fig. 40). Elevated amounts 
of As are present only when further enriched in Co (Fig. 41). Every sample measured 
shows pyrite grains enriched in Co and As, as well as those with Fe amounts close to ideal 
stoichiometry. 
 
 
Fig. 41. As-Co ratios in pyrite from Korvilansuo. Apfu = atoms per formula unit. 
 
 
 
Fig. 42. Backscattered electron image of pyrite with concentric growth zoning and the inclusion of gold and petzite 
(MSH-8b). Abbreviations: PET = petzite, Py = pyrite. 
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7.6.2. Pyrrhotite (Fe1-xS) 
 
Pyrrhotite was readily recognized through optical microscopy and confirmed by the 
microprobe, as it is the most common sulfide mineral appearing in the studied samples. 
Pyrrhotite is commonly host to streak-like pentlandite inclusions (Fig. 44).  Pyrrhotite 
was found to contain virtually no impurities and contains 48.6-57.0 at. % S and 27.7-34.0 
at. % Fe. Though a variance in measured amounts of Fe is to be expected, the Fe:S average 
ratio of 0.76:1 is slightly lower than expected. All pyrrhotite analyses can be seen from 
Appendix E, Tables E11 and E12. 
 
  
 
Fig. 43. Backscattered electron images. (A)Pyrrhotite located in vein (MSH-3). (B) Pyrrhotite grains with small 
inclusion of gold on left side of photo (MSH-6). Abbreviation: Po = pyrrhotite. 
 
 
Table 3. Composition of pyrrhotite grains from the Korvilansuo prospect determined by WDS EMPA. 
Weight % S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 53.36 0.00 43.36 0.96 0.08 0.01 0.01 0.61 0.01 0.00 0.01 
Minimum 48.63 0.00 36.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 57.01 0.02 46.11 5.01 0.63 0.03 0.03 7.06 0.03 0.02 0.04 
Atomic % S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 67.44 0.00 31.48 0.67 0.06 0.00 0.00 0.34 0.01 0.00 0.00 
Minimum 64.24 0.00 27.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 69.84 0.01 34.07 3.60 0.46 0.02 0.02 3.99 0.02 0.01 0.01 
Apfu S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 1.00 0.00 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Minimum 1.00 0.00 0.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 1.00 0.00 0.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Fig. 44. Backscattered electron image of pyrrhotite with pentlandite inclusions (MSH-8b). Abbreviations: Cp  = 
chalcopyrite, Pn = pentlandite, Po = pyrrhotite, REE = rare earth elements. 
 
 
7.6.3. Chalcopyrite (CuFeS2) 
 
Chalcopyrite appears as euhedral grains alongside pyrrhotite and pyrite grains, as well as 
a fracture-filling mineral. Impurities are mostly absent within the analyzed grains, but two 
exceptions were found with one sample showing 0.83 at. % Zn, and another showing 0.5 
at. % of Ni. The amount of S measured within the grains was 50.3-52.3 at. %, Fe measured 
22.8-25.8 at. %, and Cu measurements were 22.1-26.0 at. %. The electron microprobe 
data show that the calculated average composition of chalcopyrite is (Cu0.99Fe0.91S2.00). 
All chalcopyrite analyses can be seen from Appendix E, Tables E13 and E14. 
 
Table 4. Composition of chalcopyrite grains from the Korvilansuo prospect determined by WDS EMPA. 
Weight % S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 36.62 0.00 28.98 0.00 0.05 35.76 0.12 0.00 0.01 0.00 0.01 
Minimum 35.50 0.00 27.35 0.00 0.00 31.69 0.00 0.00 0.00 0.00 0.00 
Maximum 38.54 0.02 32.44 0.00 0.68 37.26 1.20 0.02 0.04 0.01 0.04 
Atomic % S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 51.29 0.00 23.30 0.00 0.04 25.28 0.08 0.00 0.00 0.00 0.00 
Minimum 50.28 0.00 22.75 0.00 0.00 22.12 0.00 0.00 0.00 0.00 0.00 
Maximum 52.26 0.01 25.76 0.00 0.52 26.03 0.83 0.01 0.02 0.00 0.01 
Apfu S Mn Fe Co Ni Cu Zn As Se Sb Te 
Mean 2.00 0.00 0.91 0.00 0.00 0.99 0.00 0.00 0.00 0.00 0.00 
Minimum 2.00 0.00 0.88 0.00 0.00 0.97 0.00 0.00 0.00 0.00 0.00 
Maximum 2.00 0.00 1.00 0.00 0.02 1.03 0.03 0.00 0.00 0.00 0.00 
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Fig. 45. Backscattered electron images. (A) Small chalcopyrite grain and grain relief (MSH-2b). (B) Pyrrhotite grain 
with chalcopyrite grain on bottom edge with a small grain of gold nearby (MSH-7b). Abbreviations: Cp = 
chalcopyrite, Po = pyrrhotite. 
 
 
7.6.4. Cubanite (CuFe2S3) 
 
Only one cubanite grain was found that was suitable for quantitative analysis, though 
many more cubanite grains were found using the EDS method. Typical cubanite was 
found to be less than 10 microns in size, with an anhedral fracture-filling shape, adjacent 
to grain borders of other sulfides. The calculated composition of cubanite was determined 
to be [Cu0.74(Fe1.84Ni0.13)∑=1.97S3.00] Further results of the cubanite analysis can be seen 
from Appendix E, Tables E15 and E16. 
 
 
7.6.5. Sulfarsenides 
 
Multiple grains of arsenopyrite (FeAsS) were found in optical microscopy as well as 
using EDS analyses, but only one usable result was recorded using the WDS method, 
which can be seen from Table 5. The arsenopyrite grain analyzed has a calculated 
composition of Fe0.93As0.91S1.16 and further results can be seen from Appendix E, Tables 
E17 and E18. 
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Minerals with a composition representing gersdorffite-cobaltite solid solution were 
originally thought to be arsenopyrite grains using reflected-light microscopy, but the 
analysis by electron microprobe discovered a different composition. Three grains were 
found in a small portion of one sample adjacent to a pyrrhotite grain (Fig. 46) and the 
results are similar to those found in previous studies that found gersdorffite in the nearby 
Muurinsuo deposit (Kojonen et al. 1993). Grains analyzed contain 32.5-33.3 at. % S, 
10.3-10.4 at. % Fe, 6.5-7.6 at. % Co, 16.2-17.0 at. % Ni, and 35.5-33.4 at. % As 
(Appendix E, Tables E19 and E20). The electron microprobe data show that the calculated 
average composition of gersdorffite is [(Ni0.5Fe0.31Co0.21)∑=1.02As0.99S1.00. Based on the 
composition (Fig. 47), the mineral should be considered a solid solution of gersdorffite-
cobaltite and has been discovered in previous studies (Fanlo et al. 2004).  
 
 
 
Fig. 46. Backscattered electron image of pyrrhotite with adjacent and nearby gersdorffite (MSH-15). Abbreviations: 
GCSS = gersdorffite-cobaltite solid-solution, Po = pyrrhotite. 
 
Table 5. Composition of sulfarsenide grains from the Korvilansuo prospect determined by WDS EMPA. 
Weight %             
Sample Mineral S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-4 Arsenopyrite 23.51 0.00 32.67 0.00 0.03 0.00 0.00 42.83 0.18 0.00 0.04 
MSH-15 Gersdorffite 18.82 0.00 10.49 7.04 17.97 0.00 0.00 45.12 0.19 0.00 0.02 
MSH-15 Gersdorffite 19.63 0.00 10.74 7.09 18.08 0.00 0.00 45.54 0.13 0.00 0.06 
MSH-15 Gersdorffite 18.99 0.03 10.22 7.95 16.95 0.00 0.00 43.33 0.09 0.01 0.10 
Apfu             
Sample Mineral S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-4 Arsenopyrite 1.16 0.00 0.93 0.00 0.00 0.00 0.00 0.91 0.00 0.00 0.00 
MSH-15 Gersdorffite 0.98 0.00 0.31 0.20 0.51 0.00 0.00 1.00 0.00 0.00 0.00 
MSH-15 Gersdorffite 1.02 0.00 0.32 0.20 0.51 0.00 0.00 1.01 0.00 0.00 0.00 
MSH-15 Gersdorffite 0.99 0.00 0.30 0.22 0.48 0.00 0.00 0.96 0.00 0.00 0.00 
58 
 
 
 
 
Fig. 47.  Plot of the composition of GCSS crystals in the system NiAsS-CoAsS-FeAsS (in atomic proportions). 
 
 
7.7. Oxides 
 
7.7.1. Scheelite (CaWO4) 
 
Scheelite was analyzed in order to detect if any Mo was present within the mineral, as 
scheelite forms a solid solution with molybdenite, and to compare results with existing 
data from the Hattu schist belt (Kojonen et al. 1993). The presence of scheelite is also 
known to correlate with the presence of Au, which is the case in two of the three scheelite-
bearing samples in this study (Hodgson and Troop 1988). The composition of scheelite 
was found to be quite close to the ideal stoichiometry, though in two points analyzed Mo 
was at the border of the detection limits, indicating there is a small, but insignificant 
presence of Mo present. Based on 4 oxygens, the composition of scheelite is 
(Ca0.87W1.05O4). All scheelite analyses can be seen from Appendix E, Table E21. 
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Fig. 48. Backscattered electron image. Three scheelite grains within hydrothermal quartz vein (MSH-5a) 
Abbreviation: SCH = scheelite. 
 
 
7.8 Semi-Quantitative Results from EDS Analysis 
 
Many minerals could only able be analyzed qualitatively using EDS methods due to the 
extremely small grain sizes (telluride and sulfide phases). Apatite was found very 
commonly throughout the hydrothermal quartz veins and often has the same crystal habits 
of quartz. Rare earth element (REE) minerals were identified in all the samples, with 
typically appearing in fractures. The REE phases identified using EDS methods were 
parisite-(Ce) [Ca(Ce,La)2(CO3)3F2], monazite-(Ce) [(Ce,La,Nd,Th)PO4], and xenotime-
(Y) [YPO4] (Fig. 49). 
 
  
 
Fig. 49. Backscattered electron images.(A) REE growth within pore space (MSH-2a). (B) REE growth on grains and 
grain edges. (MSH-5a). Abbreviations: CHL = chlorite, Po = pyrrhotite, REE = rare earth elements. 
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Other sulfides were found to be present as very small grains under 5 microns across, such 
as galena (PbS) which is fairly common throughout the samples. One grain of 
argentopentlandite [Ag(Fe,Ni)8S8] was encountered as well, but most likely is a quite rare 
phase within the study area. 
 
Volynskite is a telluride mineral with the chemical formula, AgBiTe2. It appears as small 
grains on boundaries between hessite and tsumoite. Because of the small grain sizes, the 
EDS method was used to verify its chemical composition. This is the only volynskite 
grain found throughout the samples of the Korvilansuo prospect. Tellurobismuthite was 
also encountered along grain fractures on the edges of sulfide grains. The 
tellurobismuthite grains typically appeared in elongated grain sizes up to 50 microns in 
length, but on average measuring under 5 microns in width resulting in poor results. 
 
 
8. FLUID INCLUSION STUDIES 
 
Fluid inclusions that become trapped within hydrothermal quartz veins give information 
on the fluids responsible for mineralization within hydrothermal ore deposits. All 
inclusions encountered from the Korvilansuo deposit can be considered to be essentially 
secondary in nature, which is typical of deposits that have experienced multiple structural 
and metamorphic events (Roedder and Bodnar 1997). Petrographic analysis and 
microthermometry of fluid inclusions allow the time relationships and compositions of 
fluids to be investigated. 
 
 
8.1. Fluid Inclusion Petrography 
 
Fluid inclusions from hydrothermal quartz-tourmaline veins were studied using fluid 
inclusion assemblages (FIAs), which are groups of fluid inclusions that were trapped 
simultaneously at the same temperature and pressure conditions and contain the same 
fluid composition within specific growth features  (Van den Kerkhof and Hein 2001). 
Typical fluid inclusions encountered within the study are quite small (<10 µm), with 
occasional inclusions appearing up to 30 µm. Fluid inclusions within Korvilansuo 
typically appear in trails, but occasionally appear as clusters of inclusions. Fluid 
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inclusions appear along microfractures and appear in hundreds of subparallel cracks at 
oblique angles to each other.  
 
 
Table 6. Dominant fluid inclusion types based on compositional phases present in fluid inclusion assemblages at 
room temperature within the Korvilansuo prospect. 
Type Composition Occurrence Phases Volume of liquid phase 
at 20°C (Vol %) 
I CH4 ± N2 ± H2O/CO2 Trail & 
Cluster 
 
V±L 0-10 
II H2O ± NaCl Trail & 
Cluster 
 
L+V±S 85-95 
III H2O ± CO2 Trail & 
Grain Boundary 
L+V, L+L+V 65-75 
 
 
 
 
 
Fig. 50. Photograph of fluid inclusion assemblages appearing in the three most dominant orientations in quartz veins 
at Korvilansuo. 
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Samples originating from Korvilansuo were found to have contain countless FIAs 
containing fluid inclusions of 3 major compositional groups (Table 6). FIAs tend to 
present in three dominant fracture orientations across samples (Fig. 50). Fluid inclusions 
are described using abbreviations for the phases present in aqueous and carbonic 
inclusions. L is used for liquid phases of CO2, H2O, etc., V is used for the vapor phase, 
and S is used for any solid phases that may be trapped within inclusions (Van den Kerhof 
and Hein 2001). Volumetric proportions of all inclusions were visually estimated with 
10% approximate error at room temperature. 
 
 
 
Fig. 51. Photograph of fluid inclusion assemblages within the Korvilansuo prospect. Oldest fluid type (Type I) found 
consisting of vapor-rich LV90 inclusions. Vapor consists of 90-100 vol. % of inclusion at room temperature. 
 
The first fluid inclusion type (Type I) consists of vapor-rich monophase and two-phase 
(V, L-V) inclusions, with vapor occupying 90-100 % of the volume in the inclusions at 
room temperature (Fig. 51). The majority of inclusions appear to contain little to no liquid 
phases at room temperature and average 10 µm in size. These vapor-rich inclusions are 
usually found as intragranular assemblages on the scale of millimeters in length and are 
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typically are crosscut by the two other fluid inclusion types at 45-60º angles and 
sometimes show inclusions being refilled by Type I and Type II inclusions. The 
inclusions are mostly rounded and almost always dark in appearance. Type I inclusions 
appear as the most common type of inclusion found within the samples. They are also the 
only inclusions that appear commonly in all three of the dominant fracture orientations. 
 
The second fluid inclusion type (Type II) contains two-phase and three-phase (L-V, L-V-
S) aqueous inclusions. This fluid inclusion type is also commonly found at room 
temperature to contain transparent, somewhat greenish, isotropic solid phases which are 
most likely halite daughter crystals. Inclusions vary in appearance and appear as rounded 
inclusions appearing in trails that commonly crosscut Type I inclusions. Type II 
inclusions also commonly appear as irregularly-shaped inclusions in large cluster fields 
and are sometimes found to be crosscut by type III inclusions (Figs. 52 and 53a.).  
 
 
 
Fig. 52. Photograph of fluid inclusion assemblages within the Korvilansuo prospect. Highly saline aqueous (Type II, 
LV10S) fluid inclusions appear prominently throughout all samples analyzed. Vapor phase occupies 10-15 vol. % of 
the inclusions.  
 
The third fluid inclusion type (type III) appears as inclusions consisting of liquid with up 
to 30 % volume of vapor. The inclusions primarily appear as mostly aqueous solutions 
(L-V) but also sometimes include inclusions with the characteristic three-phase CO2-H2O 
inclusions. These CO2-H2O (L-L-V) inclusions include a gaseous CO2 phase, enclosed 
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by liquid CO2, which is surrounded by an aqueous solution at room temperature. These 
inclusions range from 10-20 µm in size and have a rounded, somewhat dark appearance. 
They appear as short trails that crosscut the other two fluid inclusion types, though the 
crosscutting of Type II inclusions are a rare occurrence.  
 
  
 
 
Fig. 53. Photographs of fluid inclusion assemblages within the Korvilansuo prospect. (A) Cluster of highly saline 
aqueous inclusions appearing with irregular shapes. (B) Crosscutting of LV30 (Type III) inclusions crosscutting over 
LV90 (type I) near the bottom of the field of view. 
 
 
 
 
Fig. 54. Photograph of fluid inclusion assemblages within the Korvilansuo prospect. Highly saline aqueous (Type II, 
LV10S) fluid inclusions being crosscut by Type III inclusions (LLV30). 
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Other fluid inclusions are present, but without the same consistency in terms of phase 
assemblages as the three other dominant fluid inclusion types. These include FIAs that 
surround sulfide grains within the samples with no consistency in phases or volumetric 
proportions. The spatial occurrence of fluid inclusions allows for a relative chronological 
order to be determined. Type I inclusions are the oldest, as they are commonly crosscut 
by the other two types. Type II inclusions are younger than Type I inclusions as a result 
of crosscutting relationships and since they share similar modes of distribution throughout 
the samples. Type III inclusions are the youngest as they are never crosscut by other fluid 
inclusion types, but instead crosscut them. 
 
 
8.2. Microthermometry 
 
Type I fluid inclusions characterized by vapor-rich inclusions (LV90) were analyzed and 
produced no noticeable observations upon cooling nor upon heating. Samples were 
cooled to the operational limit of -196 ºC with no phase changes noticeable within the 
inclusions. The fluid inclusions failed to produce any phase changes or to homogenize 
upon heating experiments up to over 400 ºC. Phase changes may have occurred but were 
not observable due to the large vapor percentage.  Another possibility may be that the 
vapor phase included large amounts of CH4, N2, which resulted in no observable phase 
changes. 
 
Table 7. Selected microthermometry measurements of NaCl-saturated fluid inclusions at room temperature. Thpartial = 
temperature of halite disappearance. Thtotal = temperature of total phase homogenization 
Fluid Inclusion Phase assemblage Thpartial ºC Thtotal ºC 
2-2 LV10H 90* 109 
2-3 LV10H 90* 109 
2-4 LV10H 90* 109 
 
 
Type II fluid inclusions consisting of H2O-NaCl phases were analyzed to determine 
salinity and to observe phase changes at different temperatures. The inclusions were first 
cooled to determine whether other solutes such as CaCl2, KCl, etc. are present. 
Hydrohalite formation was not observed within any of the samples, regardless of halite 
crystals being absent or present. Hydrohalite was not observable upon heating at any 
temperature within any inclusions of the Type II fluid inclusions. Upon further heating, 
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ice melting was observable, but the melting temperatures seemed somewhat inconsistent 
across assemblages if they were observable and ranged from -11.7 ºC to -7.1 ºC. Once 
reaching room temperature, the fluid inclusions contained a liquid-vapor-solid phase 
assemblage. With additional heating, daughter halite crystals reached homogenization 
into the liquid-vapor phase at temperatures close to 90 ºC (Table 7). Based on that the 
melting temperature of halite, the inclusions are approximately 27.7 wt. % NaCl (Bodnar 
and Vityk 1994). The vapor phase homogenized into the liquid phase at temperatures of 
109-110 ºC, and was very consistent across inclusions within the same FIA. 
 
Table 8. Selected microthermometry measurements of aqueous-carbonic fluid inclusions. Tmcla = melting 
temperature of clathrate. Tmice = melting temperature of ice. ThCarb = temperature of CO2 partial homogenization. 
Thtotal = temperature of total phase homogenization 
FI Phase assemblage TmCarb ºC TmCla ºC TmIce ºC ThCarb ºC Mode Thtotal ºC 
2 LV30 -57.1 n/o -1.1 24.4 LLV-LV 323 
3 LV30 -57.3 n/o -1.1 24.2 LLV-LV 323 
4 LV30 -57.3 n/o -0.9 24.2 LLV-LV 323 
 
 
The third fluid inclusion type (type III) is composed of aqueous-carbonic fluids. They 
were measured using the same methods of sequential heating and cooling to determine 
melting point of CO2, clathrate, and ice, as well as the partial homogenization temperature 
where CO2 vapor homogenizes into the liquid phase. CO2 melting temperatures were 
determined to be uniformly -57.3 ºC, therefore representing somewhat depressed 
temperatures from the -56.6 ºC Q3 quintuple point of pure CO2 (S,L,V), and indicating 
the possibility of a small fraction of CH4, N2, or other volatile present within the inclusion. 
Ice melting temperatures of the CO2 assemblages were recorded between -1.1 ºC and -0.9 
ºC, which is somewhat higher than the Q1 quintuple point of -1.48 ºC of the H2O-CO2 
system and is the point where the five phases of CO2 (S,L,V) and H2O (L,S) meet 
(Diamond 2001). The shift of the Q1 quintuple point to higher temperatures and the 
depressed Q3 triple point affirms that there is a small amount of CH4 present within the 
inclusion (Diamond, 2001). Based on ice melting temperatures, salinity is very low within 
these inclusions as the ice melting point would normally be depressed with the addition 
of salt.  In order to calculate the true salinities of the inclusions, clathrate melting 
temperatures would be necessary. As these were not observed, the ice melting 
temperatures may serve to approximate rather low salinities. 
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Upon heating, partial homogenization of the CO2 phases occurs at 24.2 ºC where the two-
phase liquid-vapor CO2 homogenizes into the liquid phase. At the temperature of partial 
homogenization, the carbonic liquid phase comprises of 25-30 vol. % of the inclusions.  
Further heating was then performed until total homogenization occurred at a temperature 
of 323 ºC, where the CO2 and H2O phases homogenize into a supercritical fluid. Total 
homogenization temperatures were found to be similar to results from other orogenic gold 
studies of 300 ± 50 ºC (Ho et al. 1992).  
 
Due to the absence of known clathrate melting temperatures, the clathrate melting 
temperature of approximately 10 °C (Q2 point) is assumed based on a salt-free H2O-CO2 
system.  This assumption is based on low salinity as a result of high ice melting 
temperatures and the low displacement of the Q3 point representing very small amounts 
of volatiles present. Based upon partial homogenization temperatures and location of the 
Q2 point, the inclusions were found to contain approximately 15 mol. % CO2 within the 
carbonic fluids in the H2O-CO2 phase diagram with very low salinity (Fig. 55). 
Calculations of CO2 mol. % were completed using the Clathrates Q2 program developed 
by Bakker (1997). 
 
 
Fig. 55. Isopleth for 15 mol % CO2 in P-T projection. Isopleth is interpolated based on known thermodynamic data. 
(Modified after Diamond, 2003). 
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9. GEOTHERMOMETRY 
 
Pressure-time-temperature conditions and paths in metamorphic rocks are often derived 
from mineral assemblages. However, a more accurate result can be deduced from the 
composition of particular minerals, which give a good indication of their metamorphic 
paths and conditions undergone. Using EMPA data, various geothermometry methods 
can be employed in order to establish a range of mineralization temperatures to the 
Korvilansuo prospect.  
 
Though geothermometry often uses empirical calculations, it is assumed that mineral 
equilibrium has been attained. Hence, it is desirable to have different mineral pairs and 
their exchange equilibria, different host rocks, and multiple sample analyses to establish 
a more thorough history of generational development as well as a precise and accurate 
statistical representation of samples. With this is mind, various geothermometry methods 
using several mineral pairs with different rock protoliths were used to reconstruct the P-
T conditions. The first using the garnet-biotite Fe-Mg exchange thermometer to establish 
peak metamorphic conditions and the other using chlorite activity-composition modeling 
based on thermodynamic data to establish the temperatures of gold mineralization.  
 
 
9.1. Garnet-Biotite Geothermometry 
 
Garnet-biotite geothermometry is based on exchange reactions involving the partitioning 
of Mg and Fe between garnet and biotite minerals (Eq. 1). These exchange reactions are 
used for geothermometry as a result of their temperature sensitivity due to large ΔS and 
ΔH values for the reaction, and their pressure insensitivity because of small ΔV values. 
Caution must be used involving Fe within Fe-Mg exchange geothermometers and one 
should always assume some deviation from the calculated temperatures as a result of the 
inability of the electron microbe to discriminate between Fe2+ and Fe3+ within analyses. 
The exchange garnet-biotite equilibrium is: 
 
Mg3Al2Si3O12 + KFe3AlSi3O10(OH)2 = Fe3Al2Si3O12 + KMg3AlSi3O10(OH)2 (1) 
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Considerable amounts of work has been accomplished to calibrate the garnet-biotite 
geothermometer using experimental studies of Fe-Mg exchange between garnet and 
biotite (e.g. Ganguly and Kennedy 1974, Ferry and Spear 1978). Several different 
geothermometer models have been published through the years, but four were chosen for 
use due to their suitability for greenschist to amphibolite facies (Table 9). 
 
Table 9. Equilibration temperatures calculated using different garnet-biotite Fe-Mg exchange geothermometry 
methods from the Korvilansuo prospect. (Sample: MSH-15) FS  = Ferry and Spear (1978), HS = Hodges and Spear 
(1982), WG = Williams and Grambling (1990), D = Dasgupta et al. (1991). *Unreliable results as a result of high Mn 
contents. 
FS  HS Temp. WG Temp. D Temp. 
456 ± 41 ºC* 523 ± 34 ºC 616 ± 37 ºC 579 ± 35 ºC 
 
The Ferry and Spear (1978) calculation cannot be reliably used as a result of the high Mn 
contents within the garnets being unsuitable for use with that geothermometer. The 
calculations show that the metagraywacke sample has a specified temperature of peak of 
570 ± 35 ºC. This temperature agrees well with previous studies in the area indicating that 
the Korvilansuo prospect reached peak metamorphic conditions of upper greenschist to 
lower amphibolite grade conditions (O'Brien et al. 1993a, Sorjonen-Ward, 1993). The 
results are also similar to a previous garnet-biotite geothermometry study indicating a 
temperature peak of metagraywackes of approximately 550 ± 50 ºC (O’Brien et al. 
1993a). 
 
 
9.2. Chlorite Geothermometry 
 
Chlorite geothermometry was applied to different chlorite spot analyses from three ore-
bearing hydrothermal quartz vein samples (Appendix F, Table F1). The location of 
chlorites within the hydrothermal quartz veins provide information of ore-forming 
conditions existing within the veins close to that of ore mineralization and can be used in 
conjunction with fluid inclusion data to determine the P-T conditions. Two different 
chlorite geothermometers were used to determine temperatures. The different methods 
yielded somewhat differing results (Table 10), which provide lower and upper bounds to 
temperatures of chlorite formation. 
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The first method (Eq. 2) provided by Cathelineau (1998) is an empirical thermometer 
based on the amount of tetrahedral aluminum (AlIV) present within chlorite. Tetrahedral 
aluminum increases as a function of temperature and therefore provides estimates of 
temperatures of formation. The original calibration of the geothermometer to 
temperatures ranging from 150–300 ºC, and could be less precise beyond these 
temperatures.  
 
T (ºC) = 61.92 + 321.98 * (AlIV)       (2) 
 
Caritat et al. (1993) provides a review of existing chlorite and found that the Cathelineau 
(1988) geothermometer produced results consistently higher in temperature than other 
methods. The geothermometer is not based on thermodynamic methods and relies on the 
simple method of measuring SiIV and AlIV variations with temperature and therefore may 
be influenced by activity changes of SiO2 and Al2O3 within the system (Caritat et al. 
1993). However, the geothermometer provides relative temperature changes in different 
veins within the deposit and provides a relatively low standard deviation. 
 
Table 10. Chlorite geothermometry results calculated from three hydrothermal quartz veins originating from the 
Korvilansuo prospect. 
Sample Lanari et al. (2014) Cathelineau et al. (1988) 
MSH-4 278 ± 93 ºC 427 ± 40 ºC 
MSH-5a 424 ± 112 ºC 458 ± 31 ºC 
MSH-7b 174 ± 9 ºC 326 ± 23 ºC 
 
The second chlorite geothermometer (Eq. 3) used is based on thermodynamic activity 
composition modeling developed by Lanari et al. (2014). The thermodynamic data is 
based on the system FeO-MgO-Al2O3-SiO2-H2O and uses thermodynamic data from 
Holland and Powell (1998). The model is calculated based on four different end-member 
of chlorite, which are amesite, clinchlore, daphnite, and sudoite. These represent Fe-Mg, 
Tschermak, and di-trioctahedral crystal-chemical substitutions (Lanari et al. 2014).  
 
T (ºC) =
203093+4996.99P(kbar)
−𝑅𝑙𝑛(𝐾)+455.782
− 273.15       (3) 
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The geothermometer developed by Lanari et al. (2014) assumes that all Fe within the 
system is Fe2+, and accounts for the effect of Fe3+, which is embedded in the empirical 
calibration. Assumptions must also be made for the pressure, if not calculated using a 
separate geobarometer, which is likely to add to the uncertainty of the temperature 
calculation. A value of 4.0 kbar was used as an average of the 3-5 kbar range that was 
determined in earlier studies of the area (Hölttä et al. 2012).  
Not all chlorites analyzed were included in the calculations due to some chlorite analytical 
data showing too high deviations from the correct formula stoichiometry. Temperatures 
recorded vary within samples, considering their standard deviations. However it can be 
seen that chlorites in sample MSH-5a formed chlorites higher temperatures and those in 
sample MSH-7b formed at lower temperatures using both methods.  
 
 
10. DISCUSSION 
 
10.1. Origin, Composition, and Evolution of Hydrothermal Fluids 
  
From fluid inclusion petrography, it can be seen that there are different types of fluid 
inclusions consisting of vapor-rich (LV90, Type I), high salinity (LV10S, Type II), and 
aqueous-carbonic (LV30, Type III) fluids. These three fluid types have been found to be 
the most common types found within orogenic gold deposits (Ridley and Diamond 2000). 
A number of studies on orogenic gold deposits have perceived ore-mineralizing fluids to 
be low-salinity and aqueous-carbonic in composition (Goldfarb et al. 2005). Although 
aqueous-carbonic inclusions were found from Korvilansuo, they appear to be later than 
the other fluid inclusion types which are gas-rich inclusions and high-salinity aqueous 
inclusions that are saturated with salt crystals.  
 
The non-aqueous inclusions found from Korvilansuo appear to contain CH4 and/or N2. 
Fluids in other orogenic gold deposits also have large concentrations of inclusions 
volatiles like CH4, N2, and H2S which are thought to be a product of interaction with 
country rocks (Goldfarb et al. 2005). Other studies have found that the appearance of 
these volatile-rich inclusions can be used as a tracer for gold-bearing quartz veins within 
some orogenic gold deposits (Shepherd et al. 1991, Sherlock et al. 1993). Out of the 
samples used for fluid inclusion studies from Korvilansuo, two of the three samples 
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contained gold when observed using reflective light microscopy, therefore showing a 
possible correlation between gold and the appearance of vapor-rich inclusions. 
 
Highly saline fluid inclusions, with those bearing daughter crystals due to saturation were 
found to be abundant. This is in agreement with other findings of greenstone fluids 
throughout Finland (Poutiainen and Partamies 2003), but is in disagreement with most 
other fluids found in orogenic gold deposits throughout the world where high-salinity 
fluid inclusions are only very rarely observed and are generally perceived to be unrelated 
to gold mineralization (Groves et al. 2003). Most studies have concluded that these brine 
inclusions are late-stage fluids that are younger than gold deposition (Groves et al. 2003, 
Goldfarb et al. 2005). However, due to the petrographic sequence of fluid inclusions seen 
form Korvilansuo, it is possible that these highly saline inclusions could actually be the 
fluids responsible for ore transportation and precipitation. AuCl2
- becomes the dominant 
carrier of gold when temperatures exceed approximately 550 ºC (Mikucki 1998, 
Williams-Jones et al., 2009). 
 
Vapor-rich and saline fluids could either originate from a magmatic source or from a 
carbonaceous sedimentary source. Aqueous-carbonic fluids are most likely the result of 
metamorphic devolatilization reactions, which liberate fluids from existing rocks. The 
production of aqueous-carbonic inclusions most likely occurred deeper within the crust, 
whereas co-existing halite and vapor inclusions reflect fluids derived from intrusions at 
shallower depths (Roedder and Bodnar 1997). Plutonic emplacement could be the origin 
of two-phase vapor and saline inclusions instead of the widespread belief that saline fluids 
are the result of later sedimentary brines. Oxygen fugacity and pH conditions can change 
quickly as a result of rapid phase separation triggered by drops in pressure, thus pointing 
to the importance of fault and shear zone processes as a major control on fluid 
compositions. 
 
Identifying the origins of the fluids would require further detailed studies, including 
isotopic tracers. It is entirely possible that one fluid alone may not be responsible for ore 
mineralization, but rather the combination of various fluids could complement each other 
to make large orogenic gold deposits. The particular fluid or fluids responsible for ore 
mineralization remains under debate, but all fluids present must remain important whether 
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transporting ore metals, or creating wall-rock alteration that allows the development of 
favorable conditions for ore mineral precipitation. 
 
 
10.2. Controls of Mineralization 
 
The location of Korvilansuo near the Korvilansuo, Kauravaara, and Kelokorpi shear 
zones and the Muurinsuo F2 antiform support the concusion that the mineralization had a 
structural control. Other orogenic gold deposits within Hattu schist belt, and worldwide, 
typically display similar relations to folds and low-displacement faults near 
mineralization. Almost all samples analyzed from Korvilansuo display textural evidence 
of deformation, with some samples exhibiting shearing, boudin necks, and small-scale 
faults. Gold and telluride mineralization is distinctly more abundant within those areas 
exhibiting deformation, therefore likely making proximity to shear zones and extensional 
faults a very strong control on the accumulation of large concentrations of ore metals and 
minerals. Ore mineralization does occur within samples showing weaker deformation, 
but is generally less developed. 
 
Faults, shear zones, and folding create permeability within the host-rocks and cause large 
pressure gradients between fluid reservoirs in the ductile and brittle regimes. Transition 
through the brittle-ductile zone creates large pressure changes and causes upward fluid 
flow, redistribution, and mixing. Conditions at the greenschist to lower-amphibolite 
facies transition involve large amounts of dehydration reactions at the brittle-ductile 
transition zone causing large amounts of metamorphic fluid to from dehydration reactions 
to flow upwards. 
 
High pore fluid pressure during metamorphic devolatilization reactions causes 
hydrofracturing, vein formation, and seismic failure in tectonically active regions 
(Philpotts and Ague 2009). Micas that are present within the area causes the rock to 
weaken and makes the rock to be more susceptible to changes when faults occur. The 
ensuing increase of fluid influx to where fluid pressure is beyond that of the lithostatic 
pressure gradient can cause hydrofracturing, which causes grain boundary disruption, 
therefore opening new pathways for flow while also allowing more ore to be carried 
within a specific volume (Sibson et al. 1998, Philpotts and Ague 2009). Fluid pathways 
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in hydrothermal systems are localized in faults and shear zones while under active 
deformation, thus causing increased permeability. Therefore fluid pressure gradients then 
control fluid flow and fluid flux.  
 
Aftershocks, second order faults, along with hydrofracturing, are possibly what causes 
ore-enriched fluids to dynamically interact with surrounding wall-rock leading to 
deposition of ore minerals within fractured grain boundaries whether in quartz veins or 
in the adjacent wall-rock. The continuous cycle of repeated fracturing most likely 
occurred leading to increased permeability, and more channelized fluid flow, which 
developed extensional veins and lodes within the deposit. Hydrothermal sealing and 
mineralization occurs rapidly, thus for major mineralization to occur with increased 
permeability, structural reworking must be repeatedly cycled. Cox and Ruming (2004) 
suggest that mineralization near major first order faults and shear zones, but not directly 
within them, are due to seismic aftershocks occurring concurrently or not long after major 
slips causing a vast network of permeability and therefore driving fluid flux and 
subsequent ore emplacement. High angle reverse-faults can also cause cyclic fluctuations 
in fluid pressure; faults will reopen once the fluid pressure exceeds the lithostatic load 
(Sibson et al. 1988). 
 
Structural controls responsible for ore mineralization in orogenic gold deposits can 
clearly be seen within the Korvilansuo prospect. Hydrothermal fluids that migrated 
through increased permeability caused alteration that can be seen with the presence of 
disseminated ore minerals throughout the interstices of host rocks. However, the strongest 
mineralization of tellurides, sulfides, and gold occurs in proximity to hydrothermal quartz 
veins which represent channelized flow.  Wall-rock interaction can be clearly seen in the 
presence of tourmalines and sericitization of pre-existing feldspars. Structural 
deformation is present as well, with indicators of shearing, brecciation, recrystallization, 
and foliation present in minerals throughout Korvilansuo. 
 
 
10.3. Metamorphic Evolution of the Area 
 
Studies on the geothermobarometric conditions have been performed using various 
mineral assemblages, fluid inclusion microthermometry, and isotope equilibria. O’Brien 
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et al. (1993a) used biotite-garnet geothermometry taken from metagraywackes samples 
to determine the temperatures of the Hattu schist belt and determined the temperature 
peak to be 550 ± 50 °C. O’Brien et al. (1993b) used mineral pair oxygen isotope 
fractionation for geothermometry on a chlorite-muscovite schist sample from 
Korvilansuo. Quartz-muscovite resulted in calculated temperatures of 411 °C and quartz-
chlorite resulted in temperatures of 473 °C. Kojonen et al. (1993) determined a broad 
crystallization temperature range of 300-500 °C at Korvilansuo using arsenopyrite 
geothermometry. 
 
Bornhorst and Wilkin (1993) found no fluid inclusions from Korvilansuo in their study 
of fluid inclusions of the Hattu schist belt, but by studying nearby deposits, they 
determined the minimum temperature of gold mineralization with the Hattu schist belt to 
be between 200 °C and 300 °C. Hölttä et al. (2012) used the garnet-biotite-plagioclase-
quartz mineral assemblage geobarometer and reported pressures of approximately 3.5-
5.5 kbar within the Hattu schist belt. The same study reported pressures within most of 
the Ilomantsi greenstone belt and found the Hattu to be the on the lower scale of reported 
pressures. Hölttä et al. (2012) reported crystallization temperatures of approximately 550-
590 °C using garnet-biotite geothermometry. 
 
Measured temperatures within the metagraywackes in this study were calculated to reach 
up to 570 ± 35 ºC are largely in agreement with previous studies (O’Brien et al. 1993a, 
Hölttä et al. 2012). Gangue minerals present within the deposit, along with the calculated 
temperatures, indicate regional metamorphism conditions of the lower-amphibolite 
facies. Garnet-biotite geothermometry works reasonably well compared to other methods 
and the calculated results are entirely plausible due to similar results across three studies. 
 
Temperatures within hydrothermal veins were calculated in this study using chlorite 
geothermometry to be approximately 450 ºC and below. This lower temperature most 
likely represents hydrothermal ore mineralization after peak conditions and upon cooling. 
The results are within the range of other studies using different methods (e.g. Kojonen et 
al. 1993, O’Brien et al. 1993) that represent mineralization within hydrothermal quartz 
veins. However, previous measurements using arsenopyrite geothermometry indicate a 
rather large temperature range, which makes it difficult to constrain precise temperatures. 
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Unfortunately, no suitable arsenopyrite minerals were found in this study to offer a proper 
comparison. 
 
Because of the large variance in chlorite temperatures, it is possible that some chlorites 
have been partially re-equilibriated during retrograde metamorphism. Results vary 
broadly between the two geothermometry methods used. The geothermometer developed 
by Cathelineau (1988) are presumed to be less accurate as a result of its purely empirical 
calculation based on the presence of tetrahedral aluminum. However, temperatures 
calculated using that method resulted in less standard deviation at higher temperatures. 
Temperatures recorded using the Lanari et al. (2014) method are more varied. The three 
different samples analyzed result in temperatures spanning 174 ºC - 424 ºC, which could 
either indicate large differences in hydrothermal vein conditions or possible analytical 
errors. The standard deviation is also quite large using this method, and may be a result 
of bad analyses or calculation errors. Some of the results represent very low temperatures 
for mineralization occurring in greenschist facies conditions However, the results using 
the Cathelineau (1988) geothermometer are entirely in range of previous studies using 
different methods (e.g. Kojonen et al. 1993, O’Brien et al. 1993b).  
 
Chlorite geothermometry results give a large variation across samples. The sample MSH-
7b measured the lowest of the three measured samples using both geothermometry 
methods. The Lanari et al. (2014) result seems low at approximately 174 ºC, however it 
is noteworthy to mention the standard deviation within 10 ºC. This low temperature could 
also represent alteration to chlorites indicating partial re-equilibration in the late stages of 
retrograde metamorphism. Regardless of actual temperatures present when the vein was 
formed, there seems to be some correlation with low temperature mineralization. Sample 
MSH-7b is the only sample of the three analyzed to contain numerous telluride minerals, 
albeit small. Tellurides crystallized at lower temperatures and were some of the last ore 
minerals to crystallize, which leaves the possibility that sample MSH-7b was formed 
much later. It is also noteworthy to mention that some orogenic gold deposits have 
recorded temperatures below 180 ºC (Phillips and Powell 2009). 
 
Total homogenization temperatures of aqueous-carbonic (Type III) inclusions provide a 
minimum quartz vein formation temperature of approximately 323 ºC. Estimates of true 
trapping P-T conditions can be obtained based on the homogenization temperatures and 
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the calculated density of Type III fluid inclusions. Using equation of state calculations by 
Duan et al. (1992), Type III fluids were calculated to have an average bulk density of 0.92 
g/cm3. Bulk densities for fluid inclusions are based on microthermometric data and 
estimated volumetric properties, which must be treated as an approximation. Isochores 
were calculated based on equations of state calculations by Duan et al. (1995) and can be 
used to estimate pressure conditions at temperatures of mineral formation, e.g. chlorite, 
sulfide, and gold mineralization (Fig. 56). Combining the chlorite geothermometry data 
with the calculated type III fluid inclusion isochores indicate an approximate pressure of 
4.25 ± 0.65 kbar.  
 
 
Fig. 56. Pressure-temperature ranges for hydrothermal vein mineralization reconstructed from isochores for aqueous-
carbonic (Type III) fluid inclusions types are from approximately 450 ºC and below and between approximately 4.25 
± 0.65 kbar. Isochores were calculated using “Loner AP” (http://fluids.unileoben.ac.at). The numbers in the figure 
refer to fluid densities in grams per centimeter cubed. 
 
The calculated pressures correlate with other orogenic gold deposit pressures, as well as 
those calculated within the Hattu schist belt (Goldfarb et al. 2005, Hölttä et al. 2012). 
Based on estimated pressures of 4.25 kbar, the depth of the deposit was approximately 
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15.7 km assuming lithostatic pressure. This can only be estimated due to density 
variability of different crustal rocks. However, the calculated depths do correspond to 
those found within other orogenic gold deposits, giving a reasonable indication of 
mineralization depths (Groves et al. 1998). 
 
 
Fig. 57. Pressure-temperature diagram showing the ranges of pressure-temperature data from Korvilansuo at peak 
metamorphic conditions and as well as hydrothermal vein mineralization. Approximate P-T path is displayed based 
on these temperatures combined with the assumed counterclockwise path of orogenic regional metamorphism. 
 
Many previous studies using a variety of methods have addressed the issue of 
metamorphic conditions existing within the Hattu schist belt. All results place peak 
metamorphic conditions of the Hattu schist belt within the upper-greenschist to lower-
amphibolite facies (570 ± 35 ºC). Hydrothermal vein conditions formed at slightly lower 
temperatures (approximately 450 ºC and below) indicating retrograde mineralization 
(Fig. 57). This temperature range also coincides with the observation that mineralization 
commonly occurs near the greenschist to amphibolite facies transition in orogenic gold 
deposits (Phillips and Powell 2009).  
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10.4. Chemical Environment of Ore Mineralization 
 
The paragenetic sequence of mineralization is shown in Fig. 58. Inclusions of pyrite 
appearing within pyrrhotite, as well as sulfur-rich pyrrhotite minerals indicate prograde 
metamorphic growth of those sulfides (Craig and Vokes, 1993). The amount of sulfides 
present suggest that the chemical environment was reduced and contained high sulfur 
activity. Inclusions of gold were found within pyrrhotite grains, but most commonly were 
found as detrital grains near sulfides in the interstices of tourmalines. Gold deposition 
therefore occurred concurrently with late sulfide deposition or shortly after. Minor and 
residual phases of sulfides (e.g. chalcopyrite, cubanite) were later crystallized or were 
remobilized from existing phases in adjacent pore spaces and microfractures. The last ore 
minerals to form were the telluride phases as they are known to form under lower 
temperature conditions and with lower amounts of sulfur activity (Cabri 1965). 
 
 
Fig. 58. Paragenetic sequence of mineralization at Korvilansuo containing the most important mineral phases. Black 
bars indicate timing of mineralization. Increase of bar size represents larger amounts of that phase deposited. Dashed 
lines indicate estimated timing of mineralization. 
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Some sulfides were possibly present as diagenetic disseminated phases formed within 
metasediments and were one source for sulfur within the fluid. Based on the abundance 
of sulfide minerals present, sulfidation of the wall-rock is pervasive and occurs at peak 
conditions with elevated concentrations of sulfur in the fluids as H2S and HS
-, with 
conditions of reduced oxidation states and lowered pH until sulfur activity decreased with 
lower fluid flux. It is possible that sulfides in altered wall rocks were formed via 
sulfidation of ferro-magnesian silicate minerals, but it is likely that the sulfides are also 
partially diagenetic. 
 
 
Fig. 59. Sulfide mineral speciation at 4 kbar and 400 °C as a function of log fO2 and pH in a solution containing 10-
1.523 m H2S. The dashed lines separate regions of predominance of H2S, HS-, SO2, SO4- and HSO4-. Diagram created 
using “The Geochemists Workbench”. 
 
Sulfur content within the fluid varies with temperature and metamorphic grade, with 
amphibolite-facies fluids containing two orders of magnitude more sulfur than those of 
greenschist-facies (Ridley et al. 1996). Sources of sulfur could have come from either 
magmatic fluids, or wall-rock mobilization from diagenetic pyrites (Large et al. 2012). 
Sulfidation of the wall-rock involves sulfur being lost from the fluid to precipitate sulfides 
as replacement minerals of pre-existing iron oxides within the host rock. The absence of 
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iron oxides within altered areas can be explained by Eqs. 4 and 5 where they were altered 
by fluid carrying H2S to create Fe-sulfides such as pyrite and pyrrhotite.  
 
FeO + 2 H2S = FeS2 + H2O + H2       (4) 
FeO + H2S + = FeS + H2O        (5) 
 
 
Fig. 60. Iron oxide and sulfide mineral speciation at 4 kbar and 400 °C as a function of log fO2 and log (aH2S) in a 
solution at 4.4 pH. The dashed lines separate regions of predominance of H2S and HSO4-. Diagram created using 
“The Geochemists Workbench”. 
 
 
Precipitation of sulfides occur as a result of a more oxidized state as well as when the 
deposit reaches more alkaline conditions (Figs. 59 and 60). The solubility of gold within 
hydrothermal fluids is dependent upon temperature, pressure, pH, oxidation state, and the 
concentration of complexing ligands within the hydrothermal fluids (Steffanson and 
Seward 2003b). In greenschist-facies conditions, gold is transported preferably as a 
bisulfide complex rather than as a chloride complex in fluids that have high enough sulfur 
concentrations, are near neutral pH, are moderately reduced, and are of low to moderate 
salinity. (Seward 1973, Hayashi and Ohmoto 1991).  
 
82 
 
 
Fig. 61. Gold solubility (in parts per billion and parts per million; dashed red lines) and speciation at 4 kbar and 400 
°C as a function of log fO2 and pH in a solution containing 10-1.523 m H2S and 10-0.6778 Cl-. The dashed blue lines 
separate regions of predominance of H2S, HS-, SO4- and HSO4-. Diagram created using “The Geochemists 
Workbench”. 
 
 
The two most significant gold sulfide complexes are Au(HS)2
- and Au(HS)0, which 
become destabilized when H2S is lost from the fluid. For near neutral conditions, the 
dominant sulfide complex appears to be Au(HS)2
- (Eq. 6, Fig. 61) for concentrations of 
gold from 1-100 ppb in low-temperature conditions and 10 ppb - 10 ppm at high 
temperatures (Hayashi and Ohmoto 1991, Mikucki 1998). For low pH conditions, the 
dominant sulfide complex appears to be Au(HS)0, and the gold is carried as shown in Eq. 
7 (Benning and Seward 1996). With increased sulfur concentrations in hydrothermal 
fluids, these complexes are likely the dominant carriers of gold within the deposit (Fig. 
62). 
 
Au + 2HS- + H+ + ¼ O2 = Au(HS)2
- + ½ H2O     (6) 
Au + HS- + H+ + ¼ O2 = Au(HS)
0 + ½ H2O      (7) 
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Fig. 62. Gold mineral and fluid speciation at 4 kbar and 400 °C as a function of log fO2 and log (aH2S) in a solution 
at 4.4 pH containing 10-0.6778 Cl-. The dashed lines separate regions of predominance of H2S and HSO4-. Diagram 
created using “The Geochemists Workbench”. 
 
 
Under conditions of low pH, high ƒO2, high mCl, and elevated temperatures, gold-chloride 
complexes may be a significant carrier of gold; these conditions being atypical in 
greenschist facies deposits, but not in lower amphibolite facies deposits (Hayashi and 
Ohmoto 1991, Romberger 1991). At temperatures above 350 ºC, AuCl2
- (Eq. 8) is most 
likely the dominant gold carrier in acidic chloride solutions, even in the low-salinity 
environments of orogenic gold deposits (Mikucki 1998, Stefánsson and Seward 2003a, 
Williams-Jones et al. 2009). A decrease in temperature may cause gold precipitation in 
gold that was carried in chloride complexes due to less solubility, where gold becomes 
more soluble when carried in the fluid as Au(HS)2
-. Therefore gold-chloride complexes 
become important only in high-temperature deposits (Mikucki 1998). In solutions of 
neutral to alkaline conditions and chloride-free solutions, gold may even be preferably 
transported as AuOH (Eq. 9, Fig. 63, Stefánsson and Seward 2003b, Williams-Jones et 
al. 2009).   
 
Au + 2Cl- + H+ = AuCl2
- + 0.5H2       (8) 
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Au + H2O = AuOH + 0.5H2        (9) 
 
There are many factors leading to precipitation of gold including, temperature and 
pressure changes, wall-rock interaction and changes in oxidation state (Möller and 
Kersten 1994, Bateman and Hagemann 2004, Evans et al. 2006, Weatherly and Henley 
2013).  Gold carried as bisulfide complexes would be deposited as a result of decreased 
ligand activity and fO2, and an increase in pH, and gold transported as a chloride complex 
would have been deposited through temperature decrease (Williams-Jones et al. 2009). 
Though cooling of the deposit is a possible factor, it is most likely not the major 
controlling factor in the precipitation of gold due to the lack of steep thermal gradients 
being present within regional metamorphic terrains (Mernagh and Bierlein 2008). 
However, the large presence of high salinity fluids within Korvilansuo cannot rule out the 
possibility that large amounts of gold was carried as chloride complexes.  
 
 
Fig. 63. Gold solubility (in terms of molality (m) and parts per billion (ppb)) and speciation at 1 kbar as a function og 
temperature for an aqueous solution containing 1.5 molal (m) NaCl and 0.5 m KCl, with pH buffered by the 
assemblage K-feldspar-muscovite-quartz. Total S = 0.01 m and fO2 is buffered by the assemblage pyrite-pyrrhotite-
magnetite (Modified after Williams-Jones et al. 2009). 
 
Carbonation and metasomatism is a feature of greenschist facies deposits in ultramafic 
rocks and leads to lowered pH in ore fluids as seen in Eq. 10 (Kishida and Kerrich 1987, 
Mikucki 1998).  
 
MgOrock + Ca
2+ + 2H2CO3 = CaMg(CO3)2(carb) + 2H
+ + H2O    (10) 
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CO2 plays an important role in the fluids by limiting ƒO2 and by allowing high levels of 
gold to be transported within the fluid (Mernagh and Bierlein 2008). If CO2 is removed 
from the aqueous-carbonic fluid by phase separation, ore solubility in the fluid will 
decrease leading to rapid precipitation of gold. However, the primary factor most likely 
responsible for the deposition of gold within orogenic gold deposits is from fluid-rock 
interactions resulting in sulfidation of the wall-rock in addition to rapid pressure changes, 
which would dramatically decrease the solubility of gold in solution (Ridley and Diamond 
2000). With the multiple fluid sources possible as gold carriers, it is entirely possible that 
more than one fluid carried large amounts of gold and allowed for precipitation. 
Unfortunately that leaves the question whether gold was deposited in only one event or 
possible over two or more discrete mineralization events, though no textural evidence for 
two-stage deposition was found in this study. 
 
Tellurides are preferentially associated with pyrite instead of pyrrhotite, giving an 
indication that ƒS2 must have been above the pyrite-pyrrhotite buffer, whereas ƒO2 must 
have remained near the magnetite-hematite buffer (Afifi et al. 1988a). Given that iron 
oxides are largely absent within the hydrothermally altered area within Korvilansuo, this 
effectively places a constraint on the stable environment of telluride minerals deposits 
and why they appear to be scarce and appear as residually crystallized minerals. Telluride 
minerals generally are deposited at temperatures below 350 ºC and therefore must have 
occurred as late-stage mineralization (Cabri 1965). Tsumoite appears as the most 
common telluride mineral within the Korvilansuo deposit and this is probably as a result 
of its wide stable crystallization temperature range of 150 – 540 ºC (Cabri 1965). 
Tsumoite can also be utilized to estimate the ƒTe2 in the system as well. With higher ƒTe2 
available, tellurobismuthite (Bi2Te3) will preferentially crystallize instead of tsumoite, 
and would represent the stable mineral to crystallize given Te2 saturation (Eq. 11, Afifi et 
al. 1988a). At sufficiently high ƒS2, tellurobisthmuthite would alter to tetradymite (Eq. 
12), giving an indication of the delicate balance in ƒS2/ƒTe2 ratio required for telluride 
crystallization. 
 
4 BiTe + Te2(g) = Bi2Te3        (11) 
2 Bi2Te3 + S2(g) = 2 Bi2Te3S + Te2(g)      (12) 
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Crystallization of telluride minerals is typically associated with late stages of 
mineralization (Sindeeva 1964). Phases such as hessite and petzite, are exceedingly rare 
within the deposit and give a good indication that they were crystallized at the low end of 
the temperature range, with stable crystallization temperatures being as low as 120 ºC. 
The vein with the lowest chlorite temperatures out of the three samples (MSH-7b) was 
the only one to contain any telluride minerals, giving an indication of lower temperature 
mineralization. Based on known geochemical Te data and the formation of tellurides, 
ƒTe2 within the fluid is the decisive factor for telluride mineralization, and results in the 
mineralization temperatures of the Hattu schist belt being constrained between 250-350ºC 
(Kojonen et al. 1993, Afifi et al. 1998a; 1998b). 
 
 
11. CONCLUSIONS 
 
The factors leading to the formation of orogenic gold deposits are numerous and therefore 
it is difficult to identify a single responsible event or fluid for ore precipitation. The 
Korvilansuo prospect formed as a result of structural deformation, metamorphosed 
sediments, pluton emplacement, and hydrothermal alteration of wall-rocks by fluids 
derived by multiple sources. Multiple deformation events led to repeated hydrofracturing 
causing fluid instability and increased permeability allowing for deposition of ore 
minerals. 
 
The most recognized opinion is that the low salinity aqueous-carbonic fluid is the fluid 
responsible for ore transport and deposition (Robert and Kelly 1987, Spooner et al. 1987). 
However, due to the nature of highly saline fluids, and their appearance before aqueous-
carbonic fluids suggest that the gold mineralization could have occurred with both fluid 
types responsible for gold transport. Highly saline fluids, if present at temperatures above 
450 ºC could have carried gold in the form of gold chloride complexes. In this situation, 
gold mineralization would have been the result of a decrease in temperature. Gold carried 
in aqueous-carbonic fluids below 450 ºC would have been transported in elevated 
amounts and efficiently at the conditions experienced within the Hattu schist belt. 
Decreased sulfur activity from sulfidation of wall-rocks would have decreased gold 
solubility in the fluids and subsequently causing gold precipitation. 
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APPENDIX A: DRILL-HOLE INFORMATION FROM KORVILANSUO 
 
Table A1. Drill-hole information from Endomines Oy. Coordinates are in Finland Zone 4 (KKJ). 
Hole ID Northing (X) Easting (Y) Elevation (Z) Direction Inclination Length (m) 
KVS10 6966760.2 4559837.4 180.1 89.2 45.6 159.4 
KVS13 6966700.1 4559809.1 181.7 89.0 45.9 150.1 
KVS15 6966590.6 4559818.4 181.6 89.1 44.1 154.4 
KVS20 6966719.7 4559857.8 181.1 92.3 45.8 150.9 
KVS21 6966740.0 4559858.3 180.6 91.8 42.0 150.6 
KVS22 6966740.0 4559819.4 181.0 90.9 41.3 195.4 
KVS23 6966740.0 4559770.2 183.1 90.8 45.6 201.5 
KVS24 6966700.0 4559740.5 183.4 91.7 61.6 301.1 
KVS25 6966740.0 4559738.1 183.0 90.0 59.9 336.0 
KVS26 6966779.9 4559759.4 181.6 91.9 60.6 315.9 
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APPENDIX B: DESCRIPTION OF SAMPLES FROM KORVILANSUO 
 
Table B1. Sample Descriptions from the Korvilansuo prospect 
Sample No Drill Core Depth (m) EMPA FIA Drill Core Description 
MSH-1 KVS-22 84   Mica schist with quartz veinlets. 
MSH-2a KVS-23 30 X  Quartz-tourmaline breccia with ore. 
MSH-2b KVS-24 30 X X Quartz-tourmaline breccia with ore. 
MSH-3 KVS-25 39 X  Quartz-tourmaline breccia with ore. and tourmaline schist 
MSH-4 KVS-25 39 X  Quartz-tourmaline breccia with ore. 
MSH-5a KVS-25 43 X X Quartz vein with ore 
MSH-5b KVS-26 43   Quartz vein with ore 
MSH-6 KVS-25 44.5 X  Tourmaline schist with sulfides 
MSH-7a KVS-23 24 X  Quartz-tourmaline breccia with ore. 
MSH-7b KVS-24 24 X  Quartz-tourmaline breccia with ore. 
MSH-8a KVS-23 7.5 X  Quartz-Tourmaline schist, breccia, alteration 
MSH-8b KVS-24 7.5 X X Quartz-Tourmaline schist, breccia, alteration 
MSH-9 KVS-23 62   Highly altered greywacke with quartz-sulfide veins 
MSH-10 KVS-23 84   Intensively altered mica schist with tourmaline and pyrrhotite 
MSH-11 KVS-15 18.5   Tonalite, sheared, with biotite and disseminated sulfides 
MSH-12 KVS-15 37.8   Intensively altered Tonalite with tourmaline-quartz-ore alteration 
MSH-13 KVS-13 46.6   Mica schist with Tourmaline alteration (veins) 
MSH-14 KVS-10 126.4   Sericite-tourmaline schist, high amounts of sulfides, alteration 
MSH-15 KNS-20 21 X  Garnet-chlorite-biotite alteration, quartz-sulfide boudin 
MSH-16 KVS-20 89   Highly altered sericite schist with strong alteration 
MSH-17 KVS-20 43   Sericite-andalusite schist, quite unaltered 
MSH-18 KVS-21 66   Tourmaline-Mica-Sulfide schist, thin quartz boudinaged veinlets 
MSH-19 KVS-26 18.9   Mica schist contact with alteration. Ultramylonitic texture. 
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APPENDIX C: LIST OF STANDARDS USED IN MINERAL CHEMISTRY 
ANALYSYS 
 
Table C1. List of EMPA standards used in mineral chemical analysis for garnets, biotite, and chlorite. 
Element  Standard X-Ray Peak Garnet Bioite Chlorite 
Na Albite Kα  X X 
Mg Almandine Kα X X X 
Al Almandine Kα X X X 
Si Almandine Kα X X X 
K Biotite Kα  X X 
Ca Plagioclase Kα X X X 
Ti Rutile Kα X X X 
Cr Cr2O3 Kα X X X 
Mn Rhodonite Kα X X X 
Fe Almandine Kα X X X 
 
Table C2. List of EMPA standards used in mineral chemical analysis for native metals, sulfides, tellurides and 
scheelite. 
Element  Standard X-Ray Peak Metals Tellurides Sulfides Scheelite 
S Pyrite Kα X X X  
Ca Plagioclase Kα    X 
Mn Rhodonite Kα   X  
Fe Pyrite Kα X X X  
Co Pure Metal Kα   X  
Ni Pentlandite Kα   X  
Cu Cuprite Kα X X X  
Zn Sphalerite Kα   X  
As GaAs Lα X X X  
Se Bi2Se3 Lα X X X  
Mo Molybdenite Lα    X 
Ag Pure Metal Lα X X   
Sb Stibnite Lα X X X  
Te Sb2Te3 Lα X X X  
W Pure Metal Lα    X 
Au Pure Metal Lα X X   
Pb Galena Mα X X  X 
Bi Bi2Se3 Mα X X   
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APPENDIX D: ELECTRON MICROPROBE ANALYSES OF GANGUE 
MINERALS FROM KORVILANSUO 
 
Table D1. Mineral chemistry of garnets from Korvilansuo by electron microprobe analysis in weight % 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     37.8 37.32 39.32 37.8 37.73 37.17 37.74 37.41 38.27 37.65 
TiO2     0.03 0.1 0.06 0.08 0.05 0.14 0.09 0.15 0.17 0.07 
Al2O3    21.1 20.84 22.14 20.92 21.05 20.74 20.88 20.79 21.24 20.91 
Cr2O3    0 0.05 0 0.06 0.01 0 0.03 0 0.01 0.02 
Fe2O3 0 0.35 0 0 0 0 0 0 0 0 
FeO      19.07 17.7 17.65 17.43 17.85 15.96 14.95 14.65 13.99 13.88 
MnO      13.12 13.1 13.43 13.78 14.75 15 16.58 17.31 17.56 17.84 
MgO      1.53 1.47 1.42 1.49 1.35 1.15 1.02 1.12 1.03 0.99 
CaO      7.73 8.68 8.44 7.96 7.46 8.13 8.13 8.18 8.17 8.19 
Sum 100.38 99.61 102.45 99.52 100.24 98.3 99.42 99.6 100.43 99.56 
Number of ions on the basis of 12 oxygen atoms 
Si       3.012 2.996 3.041 3.029 3.015 3.02 3.032 3.01 3.037 3.024 
Ti       0.002 0.006 0.003 0.005 0.003 0.009 0.006 0.009 0.01 0.004 
Al 1.982 1.972 2.018 1.976 1.982 1.986 1.977 1.971 1.986 1.98 
Cr       0 0.003 0 0.004 0.001 0 0.002 0 0 0.002 
Fe3+ 0 0.021 0 0 0 0 0 0 0 0 
Fe2+     1.271 1.189 1.141 1.168 1.193 1.085 1.004 0.985 0.929 0.932 
Mn2+     0.886 0.891 0.88 0.935 0.998 1.032 1.128 1.18 1.181 1.214 
Mg       0.181 0.176 0.164 0.178 0.16 0.14 0.123 0.134 0.121 0.119 
Ca       0.66 0.747 0.7 0.683 0.639 0.708 0.7 0.705 0.694 0.705 
Sum 7.995 8 7.947 7.977 7.991 7.978 7.972 7.995 7.959 7.98 
Mol. Percent end-members 
Pyrope 6.05 5.87 5.67 5.99 5.36 4.71 4.15 4.47 4.15 4.01 
Almandine 42.38 39.59 39.57 39.40 39.89 36.59 33.98 32.80 31.75 31.40 
Spessartine 29.55 29.67 30.50 31.56 33.39 34.83 38.18 39.27 40.36 40.87 
Andradite 0.00 1.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Uvarovite 0.01 0.15 0.00 0.18 0.03 0.00 0.09 0.00 0.02 0.08 
Grossular 22.01 23.67 24.25 22.87 21.33 23.87 23.61 23.46 23.72 23.65 
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Table D1 continues (weight %) 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     37.94 37.55 37.78 37.82 37.98 37.87 37.74 37.78 70.69 37.6 
TiO2     0.06 0.14 0.03 0.01 0.09 0.03 0.12 0.06 0 0.01 
Al2O3    21.03 20.89 20.91 20.73 20.9 20.95 20.94 21.05 10.74 21.07 
Cr2O3    0 0 0.03 0 0.03 0 0.01 0.01 0 0.03 
Fe2O3 0 0 0 0 0 0 0 0 0 0 
FeO      18.33 18.1 18.12 17.86 18.22 17.52 17.85 18.51 10.92 17.57 
MnO      13.02 13 12.9 12.68 13.18 12.81 13.08 12.78 6.89 13.36 
MgO      1.56 1.49 1.53 1.53 1.54 1.59 1.65 1.64 0.72 1.54 
CaO      7.92 7.47 7.7 7.32 6.85 8.02 7.71 7.61 3.79 7.68 
Sum 99.86 98.64 98.99 97.97 98.79 98.8 99.1 99.45 103.74 98.85 
Number of ions on the basis of 12 oxygen atoms 
Si       3.029 3.032 3.038 3.064 3.057 3.044 3.031 3.027 4.701 3.028 
Ti       0.004 0.008 0.002 0.001 0.006 0.002 0.007 0.004 0 0 
Al 1.979 1.988 1.982 1.98 1.982 1.985 1.982 1.987 0.842 2 
Cr       0 0 0.002 0 0.002 0 0 0.001 0 0.002 
Fe3+ 0 0 0 0 0 0 0 0 0 0 
Fe2+     1.224 1.223 1.219 1.21 1.226 1.178 1.199 1.24 0.607 1.183 
Mn2+     0.88 0.889 0.879 0.87 0.898 0.872 0.89 0.867 0.388 0.912 
Mg       0.185 0.179 0.183 0.185 0.185 0.191 0.198 0.196 0.071 0.184 
Ca       0.678 0.647 0.664 0.635 0.59 0.69 0.664 0.653 0.27 0.662 
Sum 7.978 7.966 7.968 7.945 7.946 7.962 7.971 7.975 6.878 7.971 
Mol. Percent end-members 
Pyrope 6.24 6.10 6.22 6.39 6.39 6.51 6.71 6.64 5.32 6.27 
Almandine 41.25 41.62 41.39 41.72 42.28 40.18 40.65 41.94 45.43 40.22 
Spessartine 29.67 30.27 29.85 30.00 30.97 29.75 30.16 29.33 29.05 30.99 
Andradite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Uvarovite 0.00 0.01 0.10 0.00 0.09 0.00 0.02 0.04 0.00 0.10 
Grossular 22.84 22.01 22.44 21.90 20.27 23.55 22.47 22.06 20.20 22.42 
 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     38 37.57 50.79 36.92 37.54 37.56 39.29 38.87 37.81 37.72 
TiO2     0.06 0 0.2 0 0 0 0.07 0 0 0.08 
Al2O3    21.03 20.96 16.32 20.76 21.05 21.21 22.09 21.97 20.96 21.09 
Cr2O3    0 0.02 0.02 0.01 0.04 0.05 0.04 0.01 0.03 0.02 
Fe2O3 0 0 0 0 0 0 0 0 0.41 0.06 
FeO      17.45 16.96 15.8 18.53 19.73 20.24 19.74 17.65 19.98 19.8 
MnO      12.98 13.56 10.12 13.58 13.78 14.09 14.03 12.56 14.09 14.43 
MgO      1.43 1.41 1.22 2.3 2.56 2.64 2.7 1.64 3.27 3.11 
CaO      8.14 7.56 6.04 5.16 3.72 3.71 3.57 8.08 4.01 4.08 
Sum 99.09 98.04 100.49 97.25 98.41 99.5 101.52 100.79 100.56 100.37 
Number of ions on the basis of 12 oxygen atoms 
Si       3.046 3.044 3.79 3.024 3.037 3.016 3.061 3.046 3.005 3.003 
Ti       0.004 0 0.011 0 0 0 0.004 0 0 0.005 
Al 1.987 2.002 1.435 2.004 2.007 2.007 2.028 2.03 1.963 1.979 
Cr       0 0.001 0.001 0.001 0.003 0.003 0.002 0.001 0.002 0.001 
Fe3+ 0 0 0 0 0 0 0 0 0.025 0.004 
Fe2+     1.17 1.149 0.986 1.269 1.335 1.359 1.286 1.157 1.328 1.318 
Mn2+     0.881 0.93 0.639 0.942 0.945 0.959 0.926 0.834 0.948 0.973 
Mg       0.171 0.17 0.135 0.281 0.308 0.316 0.313 0.192 0.387 0.369 
Ca       0.699 0.657 0.483 0.453 0.323 0.319 0.298 0.679 0.341 0.348 
Sum 7.957 7.954 7.481 7.973 7.958 7.979 7.919 7.938 8 8 
Mol. Percent end-members 
Pyrope 5.85 5.85 6.04 9.53 10.60 10.71 11.09 6.71 12.89 12.25 
Almandine 40.06 39.55 43.94 43.11 45.86 46.02 45.56 40.43 44.19 43.83 
Spessartine 30.16 32.01 28.50 31.99 32.46 32.46 32.80 29.15 31.56 32.35 
Andradite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.19 
Uvarovite 0.00 0.08 0.07 0.04 0.13 0.17 0.12 0.03 0.10 0.06 
Grossular 23.94 22.52 21.46 15.34 10.96 10.64 10.43 23.69 10.02 11.33 
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Table D1 continues (weight %) 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     37.67 37.85 37.71 37.15 37.31 37.29 37.36 37.18 37.38 37.78 
TiO2     0 0.01 0.05 0.18 0.07 0 0.09 0 0.09 0 
Al2O3    21.03 21.04 20.95 20.68 20.76 20.67 21.08 20.71 20.69 20.83 
Cr2O3    0 0 0.04 0.07 0.03 0.04 0 0.15 0.06 0.01 
Fe2O3 0.51 0 0.63 0.9 0.71 0.15 0 0 0 0 
FeO      19.17 19.47 18.6 19.37 19.19 19.54 19.61 19.35 19.05 17.95 
MnO      15.02 15.23 15.34 14.77 14.62 14.88 13.55 13.67 15.12 15.84 
MgO      3.03 3 3 3.05 3.14 2.96 3 3.02 2.71 2.3 
CaO      4.1 3.83 4.42 3.76 3.97 3.67 3.93 4.05 3.8 4.55 
Sum 100.54 100.44 100.74 99.94 99.81 99.2 98.62 98.14 98.9 99.27 
Number of ions on the basis of 12 oxygen atoms 
Si       2.998 3.015 2.996 2.982 2.992 3.011 3.015 3.02 3.023 3.04 
Ti       0 0.001 0.003 0.011 0.004 0 0.005 0 0.005 0 
Al 1.973 1.975 1.962 1.956 1.962 1.967 2.006 1.982 1.972 1.976 
Cr       0 0 0.002 0.004 0.002 0.003 0 0.01 0.004 0.001 
Fe3+ 0.03 0 0.037 0.055 0.043 0.009 0 0 0 0 
Fe2+     1.276 1.296 1.236 1.3 1.287 1.319 1.324 1.314 1.288 1.208 
Mn2+     1.013 1.028 1.032 1.004 0.993 1.017 0.926 0.941 1.036 1.079 
Mg       0.359 0.356 0.356 0.364 0.375 0.356 0.361 0.365 0.327 0.276 
Ca       0.35 0.326 0.376 0.324 0.341 0.317 0.34 0.352 0.329 0.392 
Sum 8 7.997 8 8 8 8 7.977 7.984 7.984 7.972 
Mol. Percent end-members 
Pyrope 11.99 11.85 11.86 12.18 12.51 11.84 12.23 12.29 10.98 9.34 
Almandine 42.56 43.12 41.20 43.45 42.95 43.82 44.87 44.22 43.22 40.86 
Spessartine 33.78 34.18 34.41 33.56 33.15 33.79 31.39 31.64 34.76 36.52 
Andradite 1.52 0.00 1.87 2.72 2.14 0.47 0.00 0.00 0.00 0.00 
Uvarovite 0.00 0.00 0.11 0.21 0.10 0.14 0.00 0.50 0.19 0.04 
Grossular 10.16 10.86 10.55 7.88 9.16 9.95 11.52 11.35 10.85 13.24 
 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     37.68 37.51 40.83 37.7 37.92 37.64 37.57 37.53 
TiO2     0.18 0.16 0 0.11 0.22 0 0.99 0.05 
Al2O3    21.05 20.48 29.24 20.76 20.92 21 20.35 21 
Cr2O3    0 0.25 0 0.01 0 0.01 0.01 0 
Fe2O3 0 0 0 0 0 0 0 0 
FeO      17.56 16.07 1.96 18.91 19.15 18.99 18.18 20.37 
MnO      16.41 17.03 2.23 12.01 12.4 12.53 12.87 14.42 
MgO      1.98 2 0.22 1.71 1.54 1.51 1.53 2.77 
CaO      5.41 5.76 16.35 7.56 7.64 7.32 7.56 3.44 
Sum 100.28 99.26 90.83 98.77 99.79 99 99.06 99.57 
Number of ions on the basis of 12 oxygen atoms 
Si       3.01 3.026 3.167 3.038 3.03 3.031 3.024 3.016 
Ti       0.011 0.01 0 0.007 0.013 0 0.06 0.003 
Al 1.983 1.947 2.673 1.971 1.971 1.993 1.931 1.989 
Cr       0 0.016 0 0 0 0.001 0 0 
Fe3+ 0 0 0 0 0 0 0 0 
Fe2+     1.174 1.084 0.127 1.275 1.28 1.279 1.223 1.369 
Mn2+     1.111 1.164 0.147 0.82 0.839 0.855 0.878 0.982 
Mg       0.236 0.24 0.025 0.205 0.184 0.181 0.184 0.332 
Ca       0.463 0.498 1.358 0.653 0.654 0.632 0.652 0.296 
Sum 7.987 7.983 7.497 7.969 7.971 7.972 7.951 7.986 
Mol. Percent end-members 
Pyrope 7.91 8.04 1.52 6.95 6.22 6.14 6.26 11.15 
Almandine 39.34 36.31 7.68 43.17 43.28 43.41 41.66 45.96 
Spessartine 37.22 38.98 8.84 27.76 28.37 29.02 29.88 32.96 
Andradite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Uvarovite 0.02 0.81 0.00 0.02 0.00 0.03 0.02 0.00 
Grossular 15.52 15.87 81.96 22.10 22.13 21.41 22.18 9.93 
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Table D2. Mineral chemistry of biotite grains from Korvilansuo by electron microprobe analysis in weight % 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     38.72 37.84 38.32 38.26 37.98 38.3 38.31 38.17 38.29 37.92 
TiO2     1.01 1.14 1.12 1.1 0.94 1.22 1.08 1.05 1.23 1 
Al2O3    17.7 17.06 17.11 17.05 17.09 17.16 17.08 17.24 17.34 17.91 
Cr2O3    0 0.11 0.05 0.08 0.08 0.05 0.06 0.05 0.01 0.01 
FeO      14.94 14.98 15.04 14.67 14.88 14.99 15.1 15.04 15 15.12 
MnO      0.25 0.25 0.25 0.26 0.26 0.22 0.3 0.25 0.24 0.24 
MgO      13.83 13.62 13.95 13.7 13.52 13.67 13.75 13.64 13.73 13.68 
CaO      0.04 0 0.04 0 0.2 0.02 0.04 0.01 0.01 0.09 
Na2O     0.15 0.15 0.17 0.17 0.23 0.16 0.13 0.12 0.14 0.18 
K2O      8.66 8.77 8.78 8.67 8.64 8.79 8.63 8.78 8.89 7.54 
H2O(c) 4.07 3.99 4.03 4.01 3.99 4.03 4.02 4.01 4.04 4.02 
Sum 99.36 97.9 98.86 97.96 97.82 98.62 98.51 98.36 98.93 97.69 
Number of ions on the basis of 22 oxygen atoms 
Si       5.707 5.684 5.695 5.726 5.705 5.704 5.712 5.701 5.687 5.663 
Ti       0.111 0.128 0.126 0.124 0.107 0.137 0.121 0.118 0.138 0.112 
Al/Al IV 2.293 2.316 2.305 2.274 2.295 2.296 2.288 2.299 2.313 2.337 
Al VI    0.781 0.704 0.693 0.732 0.731 0.716 0.712 0.736 0.721 0.814 
Cr       0 0.012 0.006 0.009 0.009 0.006 0.007 0.006 0.002 0.002 
Fe2+     1.841 1.883 1.869 1.836 1.87 1.867 1.882 1.879 1.863 1.889 
Mn2+     0.031 0.032 0.032 0.033 0.032 0.027 0.038 0.032 0.031 0.03 
Mg       3.038 3.05 3.09 3.056 3.026 3.035 3.056 3.037 3.04 3.045 
Ca       0.007 0 0.006 0 0.033 0.004 0.007 0.001 0.001 0.014 
Na       0.042 0.043 0.048 0.049 0.068 0.045 0.038 0.034 0.041 0.052 
K        1.627 1.681 1.664 1.654 1.656 1.669 1.642 1.673 1.684 1.436 
OH 4 4 4 4 4 4 4 4 4 4 
Sum  19.479 19.533 19.534 19.494 19.532 19.507 19.503 19.515 19.52 19.393 
 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     30.41 38.32 38.45 37.17 38.49 38.24 38.31 38.72 38.25 38.75 
TiO2     0.85 1.08 1.07 1.01 0.91 0.94 0.99 1.03 0.91 0.72 
Al2O3    14.6 18.03 17.26 17.69 17.52 17.39 17.29 17.56 17.79 18.56 
Cr2O3    0 0.08 0.02 0.01 0 0.08 0.02 0.05 0.03 0.06 
FeO      11.39 14.55 15.13 15.49 14.9 15 15.08 15.06 15.51 14.45 
MnO      0.24 0.24 0.21 0.2 0.25 0.3 0.26 0.23 0.23 0.21 
MgO      9.34 13.52 13.75 14.78 13.73 13.68 13.79 13.91 13.61 13.21 
CaO      0.24 0.03 0.03 0.05 0.1 0.02 0.02 0.01 0 0.02 
Na2O     0.13 0.19 0.16 0.14 0.17 0.15 0.16 0.15 0.15 0.17 
K2O      6.45 8.49 9.03 7.76 8.78 8.98 8.89 9.22 9.11 8.92 
H2O(c) 3.16 4.04 4.04 4.02 4.04 4.03 4.03 4.08 4.05 4.07 
Sum 76.82 98.57 99.15 98.31 98.9 98.8 98.84 100.02 99.64 99.14 
Number of ions on the basis of 22 oxygen atoms 
Si       5.764 5.682 5.704 5.546 5.708 5.692 5.698 5.692 5.656 5.711 
Ti       0.122 0.121 0.119 0.113 0.102 0.106 0.111 0.114 0.101 0.08 
Al/Al IV 2.236 2.318 2.296 2.454 2.292 2.308 2.302 2.308 2.344 2.289 
Al VI    1.026 0.832 0.721 0.657 0.771 0.742 0.727 0.735 0.757 0.934 
Cr       0 0.009 0.002 0.001 0 0.009 0.003 0.005 0.004 0.007 
Fe2+     1.805 1.803 1.877 1.934 1.848 1.867 1.875 1.852 1.918 1.781 
Mn2+     0.039 0.03 0.027 0.025 0.032 0.037 0.033 0.029 0.029 0.027 
Mg       2.639 2.987 3.039 3.287 3.035 3.035 3.056 3.047 3 2.901 
Ca       0.049 0.004 0.005 0.008 0.016 0.003 0.003 0.002 0.001 0.003 
Na       0.047 0.054 0.047 0.041 0.05 0.043 0.046 0.044 0.043 0.048 
K        1.558 1.606 1.709 1.476 1.661 1.705 1.687 1.73 1.719 1.677 
OH 4 4 4 4 4 4 4 4 4 4 
Sum  19.286 19.447 19.545 19.543 19.514 19.547 19.541 19.557 19.572 19.458 
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Table D2 continues (weight %) 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     38.52 38.04 38.36 38.69 38.26 38.95 38.95 38.25 38.46 39.57 
TiO2     0.93 0.89 0.94 0.99 1.13 1.31 1.49 1.41 1.39 1.11 
Al2O3    17.87 17.96 17.73 17.95 17.78 18.38 17.43 17.1 16.9 20.45 
Cr2O3    0.05 0.06 0.03 0.04 0.02 0.08 0.02 0.06 0.06 0.12 
FeO      15.11 15.27 15.32 15.06 15.17 14.96 15.59 15.53 15.7 14.05 
MnO      0.25 0.26 0.27 0.3 0.27 0.25 0.24 0.26 0.23 0.25 
MgO      13.83 13.93 13.31 13.7 13.62 12.32 13.44 13.26 13.28 11.56 
CaO      0.05 0.05 0.01 0.16 0.02 0.01 0.01 0.01 0.02 0.07 
Na2O     0.11 0.12 0.1 0.13 0.14 0.16 0.16 0.15 0.13 0.18 
K2O      9.12 8.62 9.29 8.88 8.87 8.67 9.23 9.25 9.05 8.11 
H2O(c) 4.08 4.05 4.05 4.09 4.05 4.07 4.1 4.03 4.03 4.14 
Sum 99.93 99.25 99.4 99.98 99.34 99.17 100.67 99.32 99.27 99.62 
Number of ions on the basis of 22 oxygen atoms 
Si       5.667 5.629 5.686 5.679 5.66 5.742 5.701 5.688 5.717 5.738 
Ti       0.103 0.099 0.104 0.109 0.126 0.145 0.164 0.158 0.155 0.121 
Al/Al IV 2.333 2.371 2.314 2.321 2.34 2.258 2.299 2.312 2.283 2.262 
Al VI    0.766 0.762 0.783 0.785 0.76 0.935 0.708 0.684 0.678 1.233 
Cr       0.005 0.007 0.004 0.005 0.002 0.01 0.002 0.008 0.007 0.013 
Fe2+     1.859 1.89 1.899 1.849 1.877 1.845 1.908 1.932 1.952 1.704 
Mn2+     0.031 0.033 0.034 0.037 0.034 0.031 0.03 0.033 0.028 0.031 
Mg       3.033 3.072 2.94 2.998 3.004 2.707 2.931 2.938 2.942 2.498 
Ca       0.008 0.008 0.001 0.026 0.003 0.002 0.001 0.002 0.004 0.011 
Na       0.032 0.034 0.028 0.037 0.041 0.044 0.046 0.043 0.038 0.051 
K        1.712 1.628 1.757 1.663 1.673 1.63 1.723 1.755 1.717 1.501 
OH 4 4 4 4 4 4 4 4 4 4 
Sum  19.549 19.533 19.552 19.507 19.52 19.349 19.515 19.552 19.521 19.163 
 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     38.13 38.4 37.86 38.31 39.35 38.5 38.42 38.62 38.37 38.34 
TiO2     1.6 1.51 1.55 1.49 1.18 1.48 1.52 1.45 1.5 1.35 
Al2O3    16.74 16.93 17.06 16.8 21.41 17.43 17.35 17.59 17.35 17.33 
Cr2O3    0.06 0.09 0.08 0.07 0.06 0.03 0.05 0.06 0.02 0 
FeO      16.01 15.83 15.55 15.14 12.3 15.26 15.09 15.02 14.93 14.66 
MnO      0.32 0.27 0.32 0.27 0.19 0.31 0.25 0.24 0.22 0.27 
MgO      12.94 13.14 13.35 13.18 9.83 13.32 13.38 13.44 13.07 13.18 
CaO      0.08 0 0.03 0.02 0.11 0.02 0.02 0.05 0.04 0.05 
Na2O     0.12 0.14 0.17 0.15 0.12 0.16 0.16 0.19 0.16 0.16 
K2O      9.04 9.04 8.9 9.1 6.52 9.12 9.26 9.26 9.11 9.1 
H2O(c) 4.01 4.04 4.02 4.01 4.03 4.06 4.05 4.08 4.03 4.02 
Sum 99.06 99.38 98.9 98.53 95.08 99.69 99.57 100.01 98.79 98.47 
Number of ions on the basis of 22 oxygen atoms 
Si       5.697 5.707 5.653 5.728 5.854 5.687 5.683 5.681 5.71 5.718 
Ti       0.18 0.169 0.174 0.168 0.132 0.164 0.169 0.161 0.168 0.152 
Al/Al IV 2.303 2.293 2.347 2.272 2.146 2.313 2.317 2.319 2.29 2.282 
Al VI    0.645 0.671 0.654 0.688 1.609 0.721 0.708 0.731 0.753 0.766 
Cr       0.007 0.011 0.009 0.009 0.007 0.003 0.006 0.007 0.003 0 
Fe2+     2.001 1.967 1.941 1.893 1.53 1.885 1.867 1.848 1.858 1.829 
Mn2+     0.04 0.034 0.041 0.034 0.024 0.039 0.031 0.031 0.027 0.034 
Mg       2.88 2.909 2.972 2.937 2.179 2.932 2.951 2.948 2.898 2.93 
Ca       0.012 0 0.006 0.003 0.017 0.002 0.004 0.007 0.006 0.008 
Na       0.036 0.039 0.049 0.043 0.034 0.046 0.044 0.054 0.046 0.046 
K        1.722 1.713 1.696 1.735 1.237 1.719 1.747 1.739 1.729 1.731 
OH 4 4 4 4 4 4 4 4 4 4 
Sum  19.525 19.513 19.541 19.508 18.769 19.513 19.528 19.526 19.487 19.495 
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Table D2 continues (weight %) 
Sample MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 MSH15 
SiO2     37.77 37.93 38.22 38.1 38.04 38.11 38.4 38.44 38.06 38.11 
TiO2     1.88 1.59 1.57 1.49 1.59 1.53 1.44 1.57 1.74 1.39 
Al2O3    16.86 16.8 16.82 16.88 16.53 17.75 17.61 17.62 17.68 17.61 
Cr2O3    0.01 0.05 0.06 0.03 0.11 0.07 0.01 0.04 0 0.06 
FeO      15.35 15.11 15.07 15.3 15.45 14.98 15.3 15.09 14.72 15.37 
MnO      0.3 0.24 0.27 0.3 0.27 0.22 0.24 0.32 0.19 0.27 
MgO      13.25 13.28 13.15 13.31 13.49 13.27 13.25 13.48 12.83 13.04 
CaO      0.02 0.02 0.03 0.04 0.02 0.03 0.04 0.04 0.02 0.02 
Na2O     0.15 0.15 0.19 0.16 0.13 0.17 0.17 0.14 0.13 0.18 
K2O      8.86 8.67 8.69 8.84 8.78 9.23 9.04 8.95 9.2 9.49 
H2O(c) 4 3.99 4 4.01 4 4.05 4.06 4.07 4.02 4.04 
Sum 98.46 97.84 98.08 98.47 98.4 99.41 99.55 99.78 98.59 99.58 
Number of ions on the basis of 22 oxygen atoms 
Si       5.659 5.702 5.728 5.7 5.701 5.643 5.677 5.663 5.674 5.654 
Ti       0.212 0.18 0.177 0.167 0.179 0.17 0.16 0.174 0.195 0.155 
Al/Al IV 2.341 2.298 2.272 2.3 2.299 2.357 2.323 2.337 2.326 2.346 
Al VI    0.636 0.679 0.698 0.677 0.62 0.74 0.744 0.723 0.779 0.734 
Cr       0.001 0.006 0.007 0.004 0.013 0.008 0.002 0.005 0 0.007 
Fe2+     1.923 1.9 1.889 1.914 1.936 1.856 1.891 1.859 1.835 1.906 
Mn2+     0.038 0.03 0.035 0.038 0.034 0.028 0.029 0.04 0.024 0.034 
Mg       2.958 2.975 2.937 2.968 3.012 2.93 2.92 2.961 2.85 2.883 
Ca       0.003 0.003 0.005 0.006 0.003 0.005 0.006 0.006 0.003 0.004 
Na       0.044 0.043 0.055 0.046 0.037 0.049 0.048 0.041 0.037 0.051 
K        1.694 1.663 1.662 1.688 1.678 1.743 1.704 1.682 1.749 1.796 
OH 4 4 4 4 4 4 4 4 4 4 
Sum  19.509 19.479 19.465 19.509 19.512 19.53 19.505 19.492 19.472 19.571 
 
Table D3. Mineral chemistry of chlorite grains from Korvilansuo by electron microprobe analysis (weight %) 
Sample MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 
SiO2     26.24 26.36 27.72 25.91 25.97 29.14 33.05 28.06 29.99 28.15 
TiO2     0.07 0 0 0.1 0.08 1.55 0.44 0.49 0.77 0.9 
Al2O3    21.13 21.5 20.65 21.46 21.13 20.09 22.49 20.56 19.94 20.3 
Cr2O3    0 0.01 0.04 0.04 0.06 0.02 0.04 0.04 0.01 0.03 
FeO      22.68 22.35 22.94 22.5 22.97 21.26 16.38 23.15 21.76 23.09 
MnO      0.4 0.48 0.38 0.4 0.38 0.24 0.2 0.3 0.29 0.34 
MgO      16.07 16.76 15.71 16.51 15.97 13.02 10.16 15.05 13.74 14.68 
CaO      0.01 0.02 0.03 0.01 0 0.87 0.03 0.07 0.03 0 
Na2O     0 0 0 0 0 0.06 0.08 0 0.06 0.01 
K2O      0 0.02 0.03 0.04 0 1.69 3.06 0.68 1.53 1.09 
H2O(c) 11.41 11.55 11.56 11.46 11.38 11.62 11.79 11.63 11.69 11.63 
Sum 98.01 99.05 99.07 98.41 97.94 99.58 97.73 100.02 99.82 100.22 
Number of ions on the basis of 28 oxygen atoms 
Si       5.515 5.472 5.75 5.424 5.474 6.015 6.723 5.786 6.156 5.806 
Ti       0.012 0 0 0.016 0.013 0.241 0.068 0.076 0.119 0.139 
Al/Al IV 2.485 2.528 2.25 2.576 2.526 1.985 1.277 2.214 1.844 2.194 
Al VI    2.75 2.734 2.799 2.719 2.724 2.904 4.115 2.781 2.98 2.742 
Cr       0 0.002 0.007 0.007 0.01 0.004 0.007 0.006 0.002 0.004 
Fe2+     3.986 3.882 3.98 3.939 4.05 3.671 2.787 3.992 3.736 3.982 
Mn2+     0.071 0.084 0.066 0.07 0.068 0.043 0.034 0.052 0.05 0.06 
Mg       5.035 5.188 4.859 5.152 5.019 4.007 3.08 4.626 4.205 4.512 
Ca       0.002 0.004 0.006 0.002 0 0.193 0.007 0.015 0.007 0 
Na       0 0 0.001 0 0 0.023 0.03 0 0.023 0.003 
K        0 0.006 0.008 0.009 0 0.446 0.794 0.178 0.401 0.287 
OH 16 16 16 16 16 16 16 16 16 16 
Sum 35.856 35.899 35.726 35.914 35.883 35.531 34.922 35.727 35.524 35.73 
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Table D3 continues (weight %) 
Sample MSH4 MSH4 MSH4 MSH4 MSH4 MSH5a MSH5a MSH5a MSH5a MSH5a 
SiO2     26.24 26.36 27.72 25.91 25.97 29.14 33.05 28.06 29.99 28.15 
TiO2     0.07 0 0 0.1 0.08 1.55 0.44 0.49 0.77 0.9 
Al2O3    21.13 21.5 20.65 21.46 21.13 20.09 22.49 20.56 19.94 20.3 
Cr2O3    0 0.01 0.04 0.04 0.06 0.02 0.04 0.04 0.01 0.03 
FeO      22.68 22.35 22.94 22.5 22.97 21.26 16.38 23.15 21.76 23.09 
MnO      0.4 0.48 0.38 0.4 0.38 0.24 0.2 0.3 0.29 0.34 
MgO      16.07 16.76 15.71 16.51 15.97 13.02 10.16 15.05 13.74 14.68 
CaO      0.01 0.02 0.03 0.01 0 0.87 0.03 0.07 0.03 0 
Na2O     0 0 0 0 0 0.06 0.08 0 0.06 0.01 
K2O      0 0.02 0.03 0.04 0 1.69 3.06 0.68 1.53 1.09 
H2O(c) 11.41 11.55 11.56 11.46 11.38 11.62 11.79 11.63 11.69 11.63 
Sum 98.01 99.05 99.07 98.41 97.94 99.58 97.73 100.02 99.82 100.22 
Number of ions on the basis of 28 oxygen atoms 
Si       5.515 5.472 5.75 5.424 5.474 6.015 6.723 5.786 6.156 5.806 
Ti       0.012 0 0 0.016 0.013 0.241 0.068 0.076 0.119 0.139 
Al/Al IV 2.485 2.528 2.25 2.576 2.526 1.985 1.277 2.214 1.844 2.194 
Al VI    2.75 2.734 2.799 2.719 2.724 2.904 4.115 2.781 2.98 2.742 
Cr       0 0.002 0.007 0.007 0.01 0.004 0.007 0.006 0.002 0.004 
Fe2+     3.986 3.882 3.98 3.939 4.05 3.671 2.787 3.992 3.736 3.982 
Mn2+     0.071 0.084 0.066 0.07 0.068 0.043 0.034 0.052 0.05 0.06 
Mg       5.035 5.188 4.859 5.152 5.019 4.007 3.08 4.626 4.205 4.512 
Ca       0.002 0.004 0.006 0.002 0 0.193 0.007 0.015 0.007 0 
Na       0 0 0.001 0 0 0.023 0.03 0 0.023 0.003 
K        0 0.006 0.008 0.009 0 0.446 0.794 0.178 0.401 0.287 
OH 16 16 16 16 16 16 16 16 16 16 
Sum 35.856 35.899 35.726 35.914 35.883 35.531 34.922 35.727 35.524 35.73 
 
Sample MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a 
SiO2     26.24 26.36 27.72 25.91 25.97 29.14 33.05 28.06 29.99 28.15 
TiO2     0.07 0 0 0.1 0.08 1.55 0.44 0.49 0.77 0.9 
Al2O3    21.13 21.5 20.65 21.46 21.13 20.09 22.49 20.56 19.94 20.3 
Cr2O3    0 0.01 0.04 0.04 0.06 0.02 0.04 0.04 0.01 0.03 
FeO      22.68 22.35 22.94 22.5 22.97 21.26 16.38 23.15 21.76 23.09 
MnO      0.4 0.48 0.38 0.4 0.38 0.24 0.2 0.3 0.29 0.34 
MgO      16.07 16.76 15.71 16.51 15.97 13.02 10.16 15.05 13.74 14.68 
CaO      0.01 0.02 0.03 0.01 0 0.87 0.03 0.07 0.03 0 
Na2O     0 0 0 0 0 0.06 0.08 0 0.06 0.01 
K2O      0 0.02 0.03 0.04 0 1.69 3.06 0.68 1.53 1.09 
H2O(c) 11.41 11.55 11.56 11.46 11.38 11.62 11.79 11.63 11.69 11.63 
Sum 98.01 99.05 99.07 98.41 97.94 99.58 97.73 100.02 99.82 100.22 
Number of ions on the basis of 28 oxygen atoms 
Si       5.515 5.472 5.75 5.424 5.474 6.015 6.723 5.786 6.156 5.806 
Ti       0.012 0 0 0.016 0.013 0.241 0.068 0.076 0.119 0.139 
Al/Al IV 2.485 2.528 2.25 2.576 2.526 1.985 1.277 2.214 1.844 2.194 
Al VI    2.75 2.734 2.799 2.719 2.724 2.904 4.115 2.781 2.98 2.742 
Cr       0 0.002 0.007 0.007 0.01 0.004 0.007 0.006 0.002 0.004 
Fe2+     3.986 3.882 3.98 3.939 4.05 3.671 2.787 3.992 3.736 3.982 
Mn2+     0.071 0.084 0.066 0.07 0.068 0.043 0.034 0.052 0.05 0.06 
Mg       5.035 5.188 4.859 5.152 5.019 4.007 3.08 4.626 4.205 4.512 
Ca       0.002 0.004 0.006 0.002 0 0.193 0.007 0.015 0.007 0 
Na       0 0 0.001 0 0 0.023 0.03 0 0.023 0.003 
K        0 0.006 0.008 0.009 0 0.446 0.794 0.178 0.401 0.287 
OH 16 16 16 16 16 16 16 16 16 16 
Sum 35.856 35.899 35.726 35.914 35.883 35.531 34.922 35.727 35.524 35.73 
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Table D3 continues (weight %) 
Sample MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a 
SiO2     26.24 26.36 27.72 25.91 25.97 29.14 33.05 28.06 29.99 28.15 
TiO2     0.07 0 0 0.1 0.08 1.55 0.44 0.49 0.77 0.9 
Al2O3    21.13 21.5 20.65 21.46 21.13 20.09 22.49 20.56 19.94 20.3 
Cr2O3    0 0.01 0.04 0.04 0.06 0.02 0.04 0.04 0.01 0.03 
FeO      22.68 22.35 22.94 22.5 22.97 21.26 16.38 23.15 21.76 23.09 
MnO      0.4 0.48 0.38 0.4 0.38 0.24 0.2 0.3 0.29 0.34 
MgO      16.07 16.76 15.71 16.51 15.97 13.02 10.16 15.05 13.74 14.68 
CaO      0.01 0.02 0.03 0.01 0 0.87 0.03 0.07 0.03 0 
Na2O     0 0 0 0 0 0.06 0.08 0 0.06 0.01 
K2O      0 0.02 0.03 0.04 0 1.69 3.06 0.68 1.53 1.09 
H2O(c) 11.41 11.55 11.56 11.46 11.38 11.62 11.79 11.63 11.69 11.63 
Sum 98.01 99.05 99.07 98.41 97.94 99.58 97.73 100.02 99.82 100.22 
Number of ions on the basis of 28 oxygen atoms 
Si       5.515 5.472 5.75 5.424 5.474 6.015 6.723 5.786 6.156 5.806 
Ti       0.012 0 0 0.016 0.013 0.241 0.068 0.076 0.119 0.139 
Al/Al IV 2.485 2.528 2.25 2.576 2.526 1.985 1.277 2.214 1.844 2.194 
Al VI    2.75 2.734 2.799 2.719 2.724 2.904 4.115 2.781 2.98 2.742 
Cr       0 0.002 0.007 0.007 0.01 0.004 0.007 0.006 0.002 0.004 
Fe2+     3.986 3.882 3.98 3.939 4.05 3.671 2.787 3.992 3.736 3.982 
Mn2+     0.071 0.084 0.066 0.07 0.068 0.043 0.034 0.052 0.05 0.06 
Mg       5.035 5.188 4.859 5.152 5.019 4.007 3.08 4.626 4.205 4.512 
Ca       0.002 0.004 0.006 0.002 0 0.193 0.007 0.015 0.007 0 
Na       0 0 0.001 0 0 0.023 0.03 0 0.023 0.003 
K        0 0.006 0.008 0.009 0 0.446 0.794 0.178 0.401 0.287 
OH 16 16 16 16 16 16 16 16 16 16 
Sum 35.856 35.899 35.726 35.914 35.883 35.531 34.922 35.727 35.524 35.73 
 
Sample MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b 
SiO2     26.24 26.36 27.72 25.91 25.97 29.14 33.05 28.06 29.99 28.15 
TiO2     0.07 0 0 0.1 0.08 1.55 0.44 0.49 0.77 0.9 
Al2O3    21.13 21.5 20.65 21.46 21.13 20.09 22.49 20.56 19.94 20.3 
Cr2O3    0 0.01 0.04 0.04 0.06 0.02 0.04 0.04 0.01 0.03 
FeO      22.68 22.35 22.94 22.5 22.97 21.26 16.38 23.15 21.76 23.09 
MnO      0.4 0.48 0.38 0.4 0.38 0.24 0.2 0.3 0.29 0.34 
MgO      16.07 16.76 15.71 16.51 15.97 13.02 10.16 15.05 13.74 14.68 
CaO      0.01 0.02 0.03 0.01 0 0.87 0.03 0.07 0.03 0 
Na2O     0 0 0 0 0 0.06 0.08 0 0.06 0.01 
K2O      0 0.02 0.03 0.04 0 1.69 3.06 0.68 1.53 1.09 
H2O(c) 11.41 11.55 11.56 11.46 11.38 11.62 11.79 11.63 11.69 11.63 
Sum 98.01 99.05 99.07 98.41 97.94 99.58 97.73 100.02 99.82 100.22 
Number of ions on the basis of 28 oxygen atoms 
Si       5.515 5.472 5.75 5.424 5.474 6.015 6.723 5.786 6.156 5.806 
Ti       0.012 0 0 0.016 0.013 0.241 0.068 0.076 0.119 0.139 
Al/Al IV 2.485 2.528 2.25 2.576 2.526 1.985 1.277 2.214 1.844 2.194 
Al VI    2.75 2.734 2.799 2.719 2.724 2.904 4.115 2.781 2.98 2.742 
Cr       0 0.002 0.007 0.007 0.01 0.004 0.007 0.006 0.002 0.004 
Fe2+     3.986 3.882 3.98 3.939 4.05 3.671 2.787 3.992 3.736 3.982 
Mn2+     0.071 0.084 0.066 0.07 0.068 0.043 0.034 0.052 0.05 0.06 
Mg       5.035 5.188 4.859 5.152 5.019 4.007 3.08 4.626 4.205 4.512 
Ca       0.002 0.004 0.006 0.002 0 0.193 0.007 0.015 0.007 0 
Na       0 0 0.001 0 0 0.023 0.03 0 0.023 0.003 
K        0 0.006 0.008 0.009 0 0.446 0.794 0.178 0.401 0.287 
OH 16 16 16 16 16 16 16 16 16 16 
Sum 35.856 35.899 35.726 35.914 35.883 35.531 34.922 35.727 35.524 35.73 
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Table D3 continues (weight %) 
Sample MSH7b MSH7b MSH7b MSH7b MSH7b 
SiO2     26.24 26.36 27.72 25.91 25.97 
TiO2     0.07 0 0 0.1 0.08 
Al2O3    21.13 21.5 20.65 21.46 21.13 
Cr2O3    0 0.01 0.04 0.04 0.06 
FeO      22.68 22.35 22.94 22.5 22.97 
MnO      0.4 0.48 0.38 0.4 0.38 
MgO      16.07 16.76 15.71 16.51 15.97 
CaO      0.01 0.02 0.03 0.01 0 
Na2O     0 0 0 0 0 
K2O      0 0.02 0.03 0.04 0 
H2O(c) 11.41 11.55 11.56 11.46 11.38 
Sum 98.01 99.05 99.07 98.41 97.94 
Number of ions on the basis of 28 oxygen atoms 
Si       5.515 5.472 5.75 5.424 5.474 
Ti       0.012 0 0 0.016 0.013 
Al/Al IV 2.485 2.528 2.25 2.576 2.526 
Al VI    2.75 2.734 2.799 2.719 2.724 
Cr       0 0.002 0.007 0.007 0.01 
Fe2+     3.986 3.882 3.98 3.939 4.05 
Mn2+     0.071 0.084 0.066 0.07 0.068 
Mg       5.035 5.188 4.859 5.152 5.019 
Ca       0.002 0.004 0.006 0.002 0 
Na       0 0 0.001 0 0 
K        0 0.006 0.008 0.009 0 
OH 16 16 16 16 16 
Sum 35.856 35.899 35.726 35.914 35.883 
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APPENDIX E: ELECTRON MICROPROBE ANALYSES OF ORE MINERALS 
FROM KORVILANSUO 
 
Table E1. Electron microprobe analyses of native gold and electrum grains from Korvilansuo in weight % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi Sum 
MSH-3 0.02 0.17 0.00 0.00 0.00 15.83 0.00 0.00 76.37 0.00 0.00 92.40 
MSH-3 0.29 0.82 0.00 0.02 0.02 16.81 0.00 0.03 82.66 0.00 0.00 100.65 
MSH-3 0.00 0.08 0.00 0.00 0.00 17.79 0.00 0.00 83.17 0.00 0.00 101.04 
MSH-3 0.03 0.51 0.00 0.01 0.00 18.09 0.00 0.01 80.85 0.00 0.00 99.51 
MSH-3 0.00 0.32 0.01 0.00 0.00 17.66 0.00 0.02 83.10 0.00 0.00 101.11 
MSH-3 0.11 0.58 0.00 0.00 0.00 16.17 0.00 0.00 78.92 0.00 0.00 95.77 
MSH-3 0.01 0.49 0.00 0.00 0.00 16.85 0.00 0.03 83.32 0.00 0.00 100.71 
MSH-7b 0.02 0.34 0.00 0.00 0.03 25.81 0.00 0.04 76.21 0.05 0.00 102.50 
MSH-7b 0.02 0.00 0.00 0.00 0.00 25.43 0.00 0.01 77.89 0.00 0.00 103.35 
MSH-7b 0.02 0.00 0.03 0.00 0.00 25.77 0.00 0.01 77.30 0.00 0.00 103.13 
 
Table E2. Electron microprobe analyses of native gold and electrum grains from Korvilansuo in atomic % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi 
MSH-3 0.13 0.55 0.00 0.00 0.00 27.27 0.00 0.00 72.04 0.00 0.00 
MSH-3 1.52 2.44 0.00 0.05 0.05 25.97 0.00 0.04 69.94 0.00 0.00 
MSH-3 0.00 0.24 0.00 0.00 0.00 28.02 0.00 0.00 71.74 0.00 0.00 
MSH-3 0.16 1.56 0.00 0.03 0.00 28.50 0.00 0.01 69.74 0.00 0.00 
MSH-3 0.02 0.96 0.04 0.00 0.00 27.67 0.00 0.02 71.29 0.00 0.00 
MSH-3 0.59 1.83 0.00 0.00 0.00 26.57 0.00 0.00 71.01 0.00 0.00 
MSH-3 0.07 1.50 0.00 0.00 0.00 26.54 0.00 0.05 71.85 0.00 0.00 
MSH-7b 0.08 0.97 0.00 0.00 0.07 37.75 0.00 0.05 61.05 0.04 0.00 
MSH-7b 0.09 0.00 0.00 0.00 0.00 37.30 0.00 0.02 62.59 0.00 0.00 
MSH-7b 0.08 0.00 0.07 0.00 0.00 37.78 0.00 0.01 62.05 0.00 0.00 
 
Table E3. Electron microprobe analyses of tsumoite grains from Korvilansuo in weight % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi Sum 
MSH-3 0.16 0.63 0.00 0.00 0.06 0.00 0.16 37.07 0.01 1.12 62.62 101.81 
MSH-3 0.00 0.01 0.02 0.00 0.02 0.00 0.10 38.07 0.03 2.04 57.83 98.12 
MSH-3 0.00 0.02 0.00 0.00 0.00 0.02 0.11 34.85 0.00 1.81 54.74 91.55 
MSH-3 0.00 0.24 0.01 0.04 0.01 0.00 0.07 36.00 0.03 1.56 62.11 100.07 
MSH-3 0.00 0.14 0.00 0.11 0.00 0.00 0.15 32.40 0.00 3.23 63.04 99.06 
MSH-3 0.00 1.25 0.00 0.05 0.08 0.00 0.09 35.45 0.00 1.34 54.84 93.11 
MSH-3 0.00 0.16 0.01 0.00 0.00 0.00 0.19 39.89 0.00 0.62 59.89 100.76 
MSH-3 0.00 0.04 0.00 0.00 0.00 0.00 0.07 37.16 0.00 2.28 58.21 97.77 
MSH-3 0.00 0.14 0.00 0.06 0.00 0.00 0.09 33.40 0.07 6.36 59.99 100.10 
MSH-6 0.16 0.63 0.00 0.00 0.06 0.00 0.16 36.81 0.01 1.12 62.62 101.55 
MSH-6 0.02 0.04 0.00 0.09 0.11 0.00 0.11 38.08 0.00 1.04 61.35 100.82 
MSH-7b 0.00 0.01 0.00 0.08 0.00 0.03 0.10 39.43 0.00 1.51 60.89 102.05 
MSH-7b 0.00 0.00 0.01 0.00 0.14 0.00 0.23 44.51 0.01 1.26 57.11 103.27 
MSH-7b 0.02 0.00 0.01 0.00 0.05 0.01 0.14 40.33 0.00 0.99 55.75 97.29 
MSH-7b 0.02 0.00 0.00 0.02 0.07 0.00 0.15 42.95 0.00 0.89 57.75 101.85 
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Table E3. Continues (weight %) 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi Sum 
MSH-7b 0.01 0.00 0.04 0.00 0.05 0.04 0.13 40.56 0.00 0.82 59.87 101.51 
MSH-7b 0.07 0.00 0.00 0.07 0.07 0.45 0.09 41.10 0.00 0.78 58.17 100.80 
MSH-7b 0.00 0.00 0.00 0.02 0.05 0.01 0.11 34.96 0.00 2.22 64.14 101.52 
MSH-7b 0.00 0.00 0.02 0.04 0.00 0.05 0.10 34.73 0.03 2.48 64.91 102.35 
MSH-7b 0.01 0.00 0.02 0.00 0.04 0.01 0.13 43.92 0.00 1.25 56.37 101.76 
MSH-7b 0.02 0.01 0.00 0.02 0.14 0.00 0.09 43.71 0.00 1.14 56.33 101.46 
MSH-7b 0.01 0.00 0.00 0.00 0.00 0.00 0.11 42.54 0.01 0.89 57.47 101.03 
 
Table E4. Electron microprobe analyses of tsumoite grains from Korvilansuo in atomic % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi 
MSH-3 0.79 1.83 0.00 0.01 0.12 0.00 0.21 47.34 0.00 0.88 48.82 
MSH-3 0.00 0.04 0.05 0.00 0.04 0.00 0.15 50.86 0.02 1.67 47.16 
MSH-3 0.00 0.07 0.00 0.00 0.00 0.03 0.16 50.10 0.00 1.60 48.04 
MSH-3 0.00 0.73 0.02 0.09 0.03 0.00 0.09 47.60 0.03 1.27 50.14 
MSH-3 0.01 0.43 0.00 0.25 0.00 0.00 0.21 44.05 0.00 2.70 52.34 
MSH-3 0.00 3.92 0.00 0.12 0.17 0.00 0.13 48.62 0.00 1.14 45.92 
MSH-3 0.01 0.47 0.02 0.00 0.00 0.00 0.25 51.52 0.00 0.49 47.23 
MSH-3 0.00 0.13 0.00 0.00 0.00 0.00 0.10 50.03 0.00 1.89 47.85 
MSH-3 0.00 0.42 0.00 0.14 0.01 0.00 0.12 44.82 0.06 5.26 49.16 
MSH-6 0.80 1.83 0.00 0.01 0.12 0.00 0.21 47.17 0.00 0.88 48.98 
MSH-6 0.08 0.12 0.00 0.19 0.22 0.00 0.14 49.61 0.00 0.83 48.80 
MSH-7b 0.00 0.01 0.00 0.18 0.00 0.05 0.13 50.66 0.00 1.19 47.77 
MSH-7b 0.00 0.00 0.03 0.00 0.29 0.00 0.29 55.18 0.01 0.96 43.24 
MSH-7b 0.12 0.00 0.02 0.00 0.10 0.02 0.19 53.54 0.00 0.81 45.20 
MSH-7b 0.09 0.00 0.00 0.03 0.13 0.00 0.20 54.28 0.00 0.69 44.56 
MSH-7b 0.04 0.00 0.09 0.00 0.10 0.07 0.18 52.00 0.00 0.64 46.87 
MSH-7b 0.35 0.00 0.00 0.15 0.15 0.68 0.12 52.54 0.00 0.61 45.40 
MSH-7b 0.01 0.00 0.00 0.05 0.11 0.02 0.15 46.15 0.00 1.80 51.70 
MSH-7b 0.00 0.00 0.04 0.08 0.00 0.07 0.13 45.60 0.02 2.01 52.03 
MSH-7b 0.07 0.01 0.05 0.01 0.09 0.01 0.17 55.30 0.00 0.97 43.33 
MSH-7b 0.11 0.04 0.00 0.05 0.28 0.00 0.12 55.13 0.00 0.89 43.38 
MSH-7b 0.07 0.00 0.00 0.00 0.00 0.00 0.15 54.28 0.01 0.70 44.78 
 
Table E5. Electron microprobe analyses of hessite grains from Korvilansuo in weight % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi Sum 
MSH-7b 0.03 0.16 0.00 0.00 0.00 57.32 0.00 38.81 0.07 0.02 0.72 97.13 
MSH-7b 0.02 0.02 0.01 0.00 0.00 58.23 0.00 38.06 0.00 0.00 1.25 97.59 
MSH-7b 0.03 0.04 0.00 0.06 0.00 55.88 0.00 40.77 0.00 0.00 1.51 98.28 
MSH-7b 0.03 0.00 0.00 0.00 0.02 50.60 0.00 39.52 0.00 3.02 4.05 97.23 
MSH-7b 0.05 0.00 0.00 0.02 0.00 57.67 0.00 41.37 0.00 0.03 1.42 100.57 
MSH-7b 1.03 1.32 0.00 0.09 0.00 54.64 0.00 41.53 0.00 0.15 0.25 99.01 
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Table E6. Electron microprobe analyses of hessite grains from Korvilansuo in atomic % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi 
MSH-7b 0.12 0.33 0.00 0.00 0.00 63.02 0.00 36.07 0.04 0.01 0.41 
MSH-7b 0.09 0.04 0.02 0.00 0.00 63.86 0.00 35.29 0.00 0.00 0.71 
MSH-7b 0.10 0.09 0.00 0.09 0.00 61.16 0.00 37.72 0.00 0.00 0.85 
MSH-7b 0.10 0.00 0.00 0.00 0.03 57.64 0.00 38.06 0.00 1.79 2.38 
MSH-7b 0.19 0.00 0.00 0.03 0.00 61.61 0.00 37.36 0.00 0.02 0.79 
MSH-7b 3.60 2.65 0.00 0.13 0.00 56.87 0.00 36.54 0.00 0.08 0.13 
 
Table E7. Electron microprobe analyses of petzite grains from Korvilansuo in weight % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi Sum 
MSH-8b 0.33 1.77 0.01 0.08 0.00 45.46 0.00 33.47 21.29 0.02 0.00 102.44 
 
Table E8. Electron microprobe analyses of petzite grains from Korvilansuo in atomic % 
Sample S Fe Cu As Se Ag Sb Te Au Pb Bi 
MSH-8b 1.23 3.80 0.03 0.13 0.00 50.46 0.00 31.40 12.94 0.01 0.00 
 
Table E9. Electron microprobe analyses of pyrite grains from Korvilansuo in weight % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te Sum 
MSH-3 53.55 0.00 46.11 0.00 0.17 0.00 0.01 0.26 0.00 0.00 0.00 100.10 
MSH-3 50.80 0.01 41.84 3.50 0.02 0.00 0.00 3.42 0.02 0.00 0.00 99.62 
MSH-3 51.62 0.00 45.95 0.00 0.19 0.02 0.02 0.24 0.00 0.00 0.03 98.07 
MSH-3 50.21 0.00 41.89 3.27 0.04 0.02 0.00 3.22 0.00 0.00 0.02 98.69 
MSH-3 50.83 0.01 43.01 1.64 0.00 0.00 0.03 0.00 0.03 0.00 0.00 95.55 
MSH-3 50.74 0.00 44.74 0.00 0.07 0.01 0.01 0.17 0.03 0.00 0.02 95.77 
MSH-3 50.93 0.00 45.07 0.00 0.02 0.00 0.00 0.21 0.02 0.00 0.00 96.26 
MSH-3 49.68 0.00 44.73 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.04 94.50 
MSH-3 53.13 0.00 45.07 0.00 0.05 0.02 0.00 0.04 0.00 0.01 0.00 98.31 
MSH-3 54.81 0.00 44.63 0.00 0.17 0.00 0.00 0.17 0.00 0.00 0.01 99.79 
MSH-3 52.30 0.00 45.35 0.00 0.00 0.00 0.00 0.14 0.02 0.00 0.00 97.81 
MSH-3 54.83 0.01 45.26 0.00 0.00 0.00 0.01 0.18 0.03 0.00 0.00 100.32 
MSH-5a 54.23 0.00 42.34 0.00 0.17 0.00 0.01 0.18 0.00 0.00 0.00 96.94 
MSH-6 53.11 0.00 41.00 2.31 0.03 0.00 0.02 1.17 0.00 0.00 0.00 97.64 
MSH-7b 53.95 0.01 44.76 0.00 0.15 0.00 0.00 0.01 0.03 0.01 0.03     98.94 
MSH-7b 55.34 0.00 44.36 0.00 0.20 0.02 0.00 0.03 0.02 0.00 0.00 99.95 
MSH-7b 55.23 0.00 42.19 2.25 0.00 0.00 0.02 0.00 0.00 0.00 0.00 99.68 
MSH-7b 55.39 0.01 43.56 0.66 0.00 0.00 0.01 0.02 0.01 0.02 0.00 99.68 
MSH-7b 54.34 0.00 42.88 0.93 0.02 0.02 0.00 0.05 0.01 0.00 0.02 98.28 
MSH-7b 54.99 0.00 44.67 0.00 0.02 0.00 0.00 0.04 0.00 0.00 0.00 99.73 
MSH-7b 54.87 0.00 43.85 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 98.76 
MSH-8a 53.25 0.00 44.36 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.02 97.91 
MSH-8a 52.24 0.00 40.43 3.22 0.00 0.02 0.01 0.46 0.03 0.00 0.00 96.41 
MSH-8b 56.69 0.00 42.41 1.37 0.01 0.02 0.00 0.01 0.01 0.00 0.00 100.52 
MSH-8b 55.70 0.00 41.80 1.36 0.01 0.00 0.00 0.02 0.00 0.00 0.00 98.89 
MSH-8b 55.75 0.00 42.95 0.80 0.01 0.01 0.00 0.00 0.03 0.00 0.00 99.55 
MSH-8b 48.63 0.00 36.50 5.01 0.63 0.00 0.01 7.06 0.00 0.00 0.02 97.89 
MSH-8b 57.01 0.02 42.25 0.62 0.00 0.01 0.00 0.00 0.01 0.00 0.00 99.92 
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Table E10. Electron microprobe analyses of pyrite grains from Korvilansuo in atomic % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-3 66.74 0.00 33.00 0.00 0.12 0.00 0.01 0.14 0.00 0.00 0.00 
MSH-3 64.95 0.01 30.71 2.44 0.01 0.00 0.00 1.87 0.01 0.00 0.00 
MSH-3 65.98 0.00 33.72 0.00 0.13 0.01 0.02 0.13 0.00 0.00 0.01 
MSH-3 64.82 0.00 31.05 2.30 0.03 0.01 0.00 1.78 0.00 0.00 0.01 
MSH-3 66.49 0.01 32.30 1.17 0.00 0.00 0.02 0.00 0.01 0.00 0.00 
MSH-3 66.27 0.00 33.55 0.00 0.05 0.00 0.01 0.09 0.01 0.00 0.01 
MSH-3 66.21 0.00 33.64 0.00 0.02 0.00 0.00 0.12 0.01 0.00 0.00 
MSH-3 65.89 0.00 34.07 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 
MSH-3 67.20 0.00 32.73 0.00 0.04 0.01 0.00 0.02 0.00 0.00 0.00 
MSH-3 68.00 0.00 31.79 0.00 0.11 0.00 0.00 0.09 0.00 0.00 0.00 
MSH-3 66.70 0.00 33.21 0.00 0.00 0.00 0.00 0.07 0.01 0.00 0.00 
MSH-3 67.76 0.01 32.12 0.00 0.00 0.00 0.00 0.09 0.01 0.00 0.00 
MSH-5a 68.89 0.00 30.88 0.00 0.12 0.00 0.01 0.10 0.00 0.00 0.00 
MSH-6 67.71 0.00 30.01 1.61 0.02 0.00 0.01 0.64 0.00 0.00 0.00 
MSH-7b 68.45 0.00 30.02 1.51 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
MSH-7b 68.56 0.01 30.96 0.44 0.00 0.00 0.01 0.01 0.01 0.01 0.00 
MSH-7b 68.34 0.00 30.96 0.64 0.02 0.01 0.00 0.03 0.00 0.00 0.01 
MSH-7b 68.16 0.00 31.80 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 
MSH-7b 68.53 0.00 31.44 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
MSH-7b 67.64 0.00 32.22 0.00 0.10 0.00 0.00 0.00 0.02 0.00 0.01 
MSH-7b 68.37 0.00 31.46 0.00 0.13 0.01 0.00 0.01 0.01 0.00 0.00 
MSH-8a 67.51 0.00 32.29 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.01 
MSH-8a 67.46 0.00 29.98 2.26 0.00 0.01 0.01 0.26 0.01 0.00 0.00 
MSH-8b 69.30 0.00 29.76 0.91 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
MSH-8b 69.23 0.00 29.83 0.92 0.01 0.00 0.00 0.01 0.00 0.00 0.00 
MSH-8b 68.94 0.00 30.49 0.54 0.01 0.01 0.00 0.00 0.01 0.00 0.00 
MSH-8b 64.24 0.00 27.69 3.60 0.46 0.00 0.01 3.99 0.00 0.00 0.01 
MSH-8b 69.84 0.01 29.72 0.41 0.00 0.01 0.00 0.00 0.01 0.00 0.00 
 
Table E11. Electron microprobe analyses of pyrrhotite grains from Korvilansuo in weight % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te Sum 
MSH-3 41.96 0.01 56.53 0.00 0.17 0.00 0.00 0.03 0.00 0.00 0.00 98.70 
MSH-3 42.22 0.00 57.15 0.00 0.11 0.01 0.00 0.05 0.00 0.00 0.03 99.56 
MSH-3 38.91 0.00 56.22 0.00 0.24 0.00 0.01 0.04 0.04 0.01 0.02 95.48 
MSH-3 39.72 0.02 56.26 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.02 96.20 
MSH-3 39.01 0.02 56.12 0.00 0.22 0.01 0.00 0.00 0.01 0.00 0.00 95.39 
MSH-3 40.04 0.00 55.96 0.00 0.20 0.01 0.00 0.00 0.00 0.00 0.00 96.21 
MSH-3 42.24 0.00 56.50 0.00 0.18 0.02 0.00 0.04 0.03 0.00 0.01 99.01 
MSH-3 41.14 0.00 55.66 0.00 0.15 0.01 0.04 0.00 0.00 0.00 0.02 97.02 
MSH-3 41.13 0.00 56.32 0.00 0.19 0.00 0.02 0.03 0.03 0.01 0.00 97.74 
MSH-3 39.51 0.00 57.89 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.02 97.46 
MSH-3 38.61 0.00 54.00 0.00 0.25 0.01 0.00 0.02 0.00 0.00 0.00 92.88 
MSH-4 41.57 0.00 53.87 0.00 0.20 0.00 0.01 0.01 0.00 0.00 0.01 95.67 
MSH-4 43.17 0.01 54.30 0.00 0.23 0.00 0.00 0.00 0.00 0.01 0.00 97.73 
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Table E11. Continues (weight %) 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te Sum 
MSH-4 44.79 0.01 55.34 0.00 0.18 0.00 0.01 0.03 0.00 0.02 0.01 100.39 
MSH-4 41.33 0.02 54.48 0.00 0.21 0.00 0.00 0.03 0.00 0.00 0.01 96.08 
MSH-4 42.15 0.02 54.72 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00 97.09 
MSH-5a 43.59 0.00 55.31 0.00 0.08 0.01 0.00 0.00 0.02 0.00 0.00 99.01 
MSH-5a 43.65 0.01 56.92 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.02 100.72 
MSH-5a 42.52 0.00 56.93 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 99.63 
MSH-5a 43.73 0.00 56.33 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.02 100.21 
MSH-5a 42.04 0.00 56.25 0.00 0.11 0.00 0.00 0.03 0.00 0.00 0.03 98.46 
MSH-5a 42.01 0.00 56.81 0.00 0.14 0.00 0.00 0.02 0.00 0.00 0.00 98.98 
MSH-5a 43.89 0.00 58.09 0.00 0.14 0.00 0.02 0.07 0.00 0.00 0.00 102.21 
MSH-5a 43.44 0.00 55.85 0.00 0.16 0.00 0.01 0.01 0.00 0.00 0.00 99.47 
MSH-5a 42.78 0.00 54.20 0.00 0.14 0.00 0.02 0.02 0.00 0.01 0.00 97.17 
MSH-5a 41.73 0.01 54.57 0.00 0.14 0.00 0.00 0.06 0.01 0.00 0.02 96.55 
MSH-5a 42.41 0.00 55.97 0.00 0.15 0.00 0.01 0.04 0.00 0.00 0.00 98.58 
MSH-5a 41.83 0.00 53.40 0.00 0.16 0.01 0.00 0.00 0.02 0.00 0.00 95.42 
MSH-5a 42.27 0.00 55.19 0.00 0.15 0.00 0.00 0.11 0.01 0.00 0.02 97.75 
MSH-5a 43.71 0.00 58.04 0.00 0.16 0.00 0.01 0.00 0.00 0.00 0.00 101.92 
MSH-5a 41.87 0.00 55.67 0.00 0.14 0.01 0.00 0.00 0.01 0.00 0.00 97.68 
MSH-5a 41.85 0.01 55.21 0.00 0.14 0.00 0.01 0.03 0.00 0.00 0.00 97.26 
MSH-5a 41.49 0.03 53.79 0.00 0.09 0.00 0.01 0.04 0.04 0.01 0.00 95.52 
MSH-6 41.96 0.01 56.53 0.00 0.17 0.00 0.00 0.03 0.00 0.00 0.00 98.70 
MSH-6 42.22 0.00 57.15 0.00 0.11 0.01 0.00 0.05 0.00 0.00 0.03 99.56 
MSH-6 43.37 0.01 57.60 0.00 0.19 0.00 0.00 0.03 0.00 0.00 0.00 101.20 
MSH-6 41.66 0.00 55.12 0.00 0.15 0.00 0.01 0.05 0.00 0.00 0.01 97.00 
MSH-6 42.13 0.00 54.83 0.00 0.14 0.00 0.01 0.01 0.00 0.00 0.00 97.12 
MSH-7b 42.80 0.00 56.36 0.00 0.12 0.03 0.00 0.04 0.00 0.00 0.02 99.37 
MSH-7b 41.67 0.00 55.66 0.00 0.13 0.01 0.00 0.06 0.00 0.00 0.00 97.53 
MSH-7b 42.24 0.00 56.42 0.00 0.14 0.04 0.02 0.02 0.00 0.01 0.03 98.93 
MSH-8a 40.59 0.00 54.23 0.00 0.21 0.00 0.02 0.00 0.02 0.00 0.00 95.08 
MSH-8a 41.76 0.00 56.09 0.00 0.17 0.00 0.00 0.03 0.00 0.00 0.00 98.06 
MSH-8b 43.82 0.00 57.52 0.00 0.19 0.02 0.00 0.04 0.00 0.00 0.02 101.61 
MSH-8b 43.77 0.00 57.69 0.00 0.28 0.02 0.00 0.08 0.01 0.00 0.02 101.85 
MSH-8b 42.88 0.00 54.99 0.00 0.25 0.01 0.03 0.02 0.00 0.00 0.01 98.19 
MSH-8b 42.08 0.01 53.96 0.00 0.33 0.00 0.01 0.04 0.00 0.00 0.02 96.46 
 
Table E12. Electron microprobe analyses of pyrrhotite grains from Korvilansuo in atomic % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-3 56.30 0.01 43.55 0.00 0.13 0.00 0.00 0.02 0.00 0.00 0.00 
MSH-3 56.20 0.00 43.68 0.00 0.08 0.00 0.00 0.03 0.00 0.00 0.01 
MSH-3 54.53 0.00 45.23 0.00 0.18 0.00 0.00 0.02 0.02 0.00 0.01 
MSH-3 55.06 0.02 44.78 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.01 
MSH-3 54.65 0.02 45.14 0.00 0.17 0.01 0.00 0.00 0.01 0.00 0.00 
MSH-3 55.39 0.00 44.45 0.00 0.15 0.01 0.00 0.00 0.00 0.00 0.00 
MSH-3 56.46 0.00 43.36 0.00 0.13 0.01 0.00 0.02 0.02 0.00 0.00 
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Table E12. Continues (atomic %) 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-3 56.20 0.00 43.65 0.00 0.11 0.01 0.03 0.00 0.00 0.00 0.01 
MSH-3 55.87 0.00 43.93 0.00 0.14 0.00 0.01 0.02 0.02 0.01 0.00 
MSH-3 54.29 0.00 45.67 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 
MSH-3 55.35 0.00 44.44 0.00 0.19 0.01 0.00 0.01 0.00 0.00 0.00 
MSH-4 57.24 0.00 42.59 0.00 0.15 0.00 0.00 0.01 0.00 0.00 0.00 
MSH-4 57.96 0.01 41.86 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00 
MSH-4 58.40 0.01 41.43 0.00 0.13 0.00 0.01 0.02 0.00 0.01 0.00 
MSH-4 56.82 0.01 43.00 0.00 0.16 0.00 0.00 0.01 0.00 0.00 0.01 
MSH-4 57.20 0.02 42.63 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
MSH-5a 57.81 0.00 42.11 0.00 0.06 0.00 0.00 0.00 0.01 0.00 0.00 
MSH-5a 57.13 0.01 42.77 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.01 
MSH-5a 56.47 0.00 43.40 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 
MSH-5a 57.43 0.00 42.47 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.01 
MSH-5a 56.50 0.00 43.40 0.00 0.08 0.00 0.00 0.02 0.00 0.00 0.01 
MSH-5a 56.22 0.00 43.66 0.00 0.11 0.00 0.00 0.01 0.00 0.00 0.00 
MSH-5a 56.73 0.00 43.12 0.00 0.10 0.00 0.01 0.04 0.00 0.00 0.00 
MSH-5a 57.46 0.00 42.41 0.00 0.12 0.00 0.01 0.01 0.00 0.00 0.00 
MSH-5a 57.81 0.00 42.06 0.00 0.10 0.00 0.01 0.01 0.00 0.00 0.00 
MSH-5a 57.02 0.01 42.81 0.00 0.11 0.00 0.00 0.04 0.01 0.00 0.01 
MSH-5a 56.81 0.00 43.05 0.00 0.11 0.00 0.01 0.02 0.00 0.00 0.00 
MSH-5a 57.63 0.00 42.24 0.00 0.12 0.01 0.00 0.00 0.01 0.00 0.00 
MSH-5a 57.05 0.00 42.77 0.00 0.11 0.00 0.00 0.06 0.01 0.00 0.01 
MSH-5a 56.68 0.00 43.20 0.00 0.11 0.00 0.01 0.00 0.00 0.00 0.00 
MSH-5a 56.65 0.00 43.24 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 
MSH-5a 56.83 0.01 43.03 0.00 0.10 0.00 0.01 0.02 0.00 0.00 0.00 
MSH-5a 57.24 0.03 42.61 0.00 0.07 0.00 0.01 0.02 0.02 0.00 0.00 
MSH-6 56.30 0.01 43.55 0.00 0.13 0.00 0.00 0.02 0.00 0.00 0.00 
MSH-6 56.20 0.00 43.68 0.00 0.08 0.00 0.00 0.03 0.00 0.00 0.01 
MSH-6 56.64 0.01 43.19 0.00 0.14 0.00 0.00 0.02 0.00 0.00 0.00 
MSH-6 56.75 0.00 43.11 0.00 0.11 0.00 0.01 0.03 0.00 0.00 0.00 
MSH-6 57.17 0.00 42.72 0.00 0.10 0.00 0.01 0.01 0.00 0.00 0.00 
MSH-7b 56.87 0.00 43.00 0.00 0.09 0.02 0.00 0.02 0.00 0.00 0.01 
MSH-7b 56.51 0.00 43.34 0.00 0.10 0.01 0.00 0.03 0.00 0.00 0.00 
MSH-7b 56.50 0.00 43.33 0.00 0.10 0.03 0.02 0.01 0.00 0.00 0.01 
MSH-8a 56.48 0.00 43.33 0.00 0.16 0.00 0.01 0.00 0.01 0.00 0.00 
MSH-8a 56.38 0.00 43.48 0.00 0.13 0.00 0.00 0.02 0.00 0.00 0.00 
MSH-8b 56.92 0.00 42.90 0.00 0.14 0.01 0.00 0.02 0.00 0.00 0.01 
MSH-8b 56.77 0.00 42.97 0.00 0.20 0.01 0.00 0.04 0.00 0.00 0.01 
MSH-8b 57.46 0.00 42.31 0.00 0.19 0.00 0.02 0.01 0.00 0.00 0.00 
MSH-8b 57.43 0.00 42.28 0.00 0.25 0.00 0.01 0.02 0.00 0.00 0.01 
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Table E13. Electron microprobe analyses of chalcopyrite grains from Korvilansuo in weight % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te Sum 
MSH-3 36.54 0.00 30.08 0.00 0.00 37.26 0.12 0.00 0.00 0.00 0.00 104.00 
MSH-3 36.14 0.00 28.68 0.00 0.00 35.32 1.20 0.00 0.00 0.01 0.00 101.35 
MSH-3 35.84 0.00 28.23 0.00 0.01 35.71 0.00 0.00 0.00 0.00 0.03 99.82 
MSH-3 36.77 0.00 28.64 0.00 0.00 36.97 0.04 0.00 0.00 0.00 0.00 102.42 
MSH-3 36.23 0.00 28.50 0.00 0.00 36.69 0.03 0.00 0.00 0.00 0.04 101.49 
MSH-3 36.06 0.01 28.76 0.00 0.01 36.13 0.03 0.00 0.00 0.00 0.01 101.01 
MSH-3 36.97 0.00 29.73 0.00 0.00 35.99 0.00 0.00 0.01 0.01 0.00 102.70 
MSH-3 37.27 0.00 32.44 0.00 0.68 31.69 0.04 0.00 0.03 0.00 0.01 102.15 
MSH-8a 38.54 0.00 29.27 0.00 0.00 36.39 0.08 0.00 0.00 0.00 0.00 104.28 
MSH-8a 36.65 0.00 28.68 0.00 0.00 36.35 0.00 0.00 0.00 0.00 0.01 101.69 
MSH-8a 35.50 0.00 27.35 0.00 0.00 35.30 0.01 0.00 0.00 0.00 0.00 98.17 
MSH-8b 36.38 0.00 27.93 0.00 0.00 35.36 0.00 0.00 0.00 0.00 0.00 99.68 
MSH-8b 37.22 0.02 28.42 0.00 0.00 35.73 0.01 0.02 0.04 0.00 0.00 101.47 
MSH-8b 37.63 0.00 40.16 0.00 2.95 18.28 0.01 0.00 0.00 0.00 0.00 99.03 
 
Table E14. Electron microprobe analyses of chalcopyrite grains from Korvilansuo in atomic % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-3 50.28 0.00 23.76 0.00 0.00 25.88 0.08 0.00 0.00 0.00 0.00 
MSH-3 50.88 0.00 23.18 0.00 0.00 25.10 0.83 0.00 0.00 0.00 0.00 
MSH-3 51.15 0.00 23.13 0.00 0.01 25.71 0.00 0.00 0.00 0.00 0.01 
MSH-3 51.15 0.00 22.87 0.00 0.00 25.95 0.03 0.00 0.00 0.00 0.00 
MSH-3 50.93 0.00 23.00 0.00 0.00 26.03 0.02 0.00 0.00 0.00 0.01 
MSH-3 50.91 0.00 23.31 0.00 0.01 25.74 0.02 0.00 0.00 0.00 0.00 
MSH-3 51.20 0.00 23.64 0.00 0.00 25.15 0.00 0.00 0.00 0.00 0.00 
MSH-3 51.56 0.00 25.76 0.00 0.52 22.12 0.03 0.00 0.02 0.00 0.00 
MSH-8a 52.26 0.00 22.79 0.00 0.00 24.90 0.05 0.00 0.00 0.00 0.00 
MSH-8a 51.28 0.00 23.05 0.00 0.00 25.67 0.00 0.00 0.00 0.00 0.00 
MSH-8a 51.43 0.00 22.75 0.00 0.00 25.81 0.01 0.00 0.00 0.00 0.00 
MSH-8b 51.78 0.00 22.82 0.00 0.00 25.40 0.00 0.00 0.00 0.00 0.00 
MSH-8b 51.98 0.01 22.78 0.00 0.00 25.18 0.01 0.01 0.02 0.00 0.00 
MSH-8b 52.61 0.00 32.24 0.00 2.25 12.90 0.01 0.00 0.00 0.00 0.00 
 
Table E15. Electron microprobe analyses of cubanite grains from Korvilansuo in weight % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te Sum 
MSH-8b 37.63 0.00 40.16 0.00 2.95 18.28 0.01 0.00 0.00 0.00 0.00 99.03 
 
Table E16. Electron microprobe analyses of cubanite grains from Korvilansuo in atomic % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-8b 52.61 0.00 32.24 0.00 2.25 12.90 0.01 0.00 0.00 0.00 0.00 
 
Table E17. Electron microprobe analyses of arsenopyrite grains from Korvilansuo in weight % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te Sum 
MSH-4 23.51 0.00 32.67 0.00 0.03 0.00 0.00 42.83 0.18 0.00 0.04 99.26 
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Table E18. Electron microprobe analyses of arsenopyrite grains from Korvilansuo in atomic % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH-4 38.73 0.00 30.90 0.00 0.03 0.00 0.00 30.20 0.12 0.00 0.02 
 
Table E19. Electron microprobe analyses of GCSS grains from Korvilansuo in weight % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te sum 
MSH15 18.82 0.00 10.49 7.04 17.97 0.00 0.00 45.12 0.19 0.00 0.02 99.65 
MSH15 19.63 0.00 10.74 7.09 18.08 0.00 0.00 45.54 0.13 0.00 0.06 101.26 
MSH15 18.99 0.03 10.22 7.95 16.95 0.00 0.00 43.33 0.09 0.01 0.10 97.68 
 
Table E20. Electron microprobe analyses of GCSS grains from Korvilansuo in atomic % 
Sample S Mn Fe Co Ni Cu Zn As Se Sb Te 
MSH15 32.51 0.00 10.40 6.62 16.96 0.00 0.00 33.36 0.13 0.00 0.01 
MSH15 33.23 0.00 10.43 6.52 16.71 0.00 0.00 32.99 0.09 0.00 0.02 
MSH15 33.27 0.03 10.28 7.58 16.23 0.00 0.00 32.49 0.07 0.01 0.05 
 
Table E21. Electron microprobe analyses of scheelite grains from Korvilansuo in weight % 
Sample CaO MoO3 WO3 PbO Sum 
MSH5a 16.55 0.02 83.24 0.07 99.89 
MSH5a 16.59 0.09 83.44 0.00 100.12 
MSH5a 16.25 0.00 84.16 0.00 100.42 
MSH5a 16.17 0.15 83.61 0.00 99.93 
MSH5a 16.58 0.00 83.46 0.00 100.04 
MSH5a 16.26 0.00 83.89 0.00 100.16 
MSH5a 16.91 0.04 84.07 0.00 101.02 
MSH5a 18.66 0.03 83.74 0.00 102.43 
MSH5a 16.71 0.00 83.92 0.00 100.63 
MSH5a 16.40 0.00 83.70 0.04 100.13 
MSH5a 16.96 0.00 83.24 0.09 100.29 
MSH5a 17.19 0.00 83.73 0.02 100.94 
MSH5a 17.21 0.00 84.13 0.00 101.34 
MSH5a 17.15 0.00 84.38 0.08 101.61 
MSH8a 16.99 0.56 82.24 0.00 99.79 
MSH8a 15.95 0.24 83.06 0.00 99.26 
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APPENDIX F: RESULTS OF CHLORITE GEOTHERMOMETRY 
 
Table F1. Temperatures calculated using chlorite geothermometry within hydrothermal quartz veins at Korvilansuo. 
Sample MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 MSH4 
Spot 1 2 3 4 5 6 7 8 9 10 
C88 462 469 424 477 469 381 268 418 359 415 
L14 338 397 230 435 373 181 - 242 167 248 
Sample MSH4 MSH4 MSH4 MSH4 MSH4 MSH5a MSH5a MSH5a MSH5a MSH5a 
Spot 11 12 13 14 15 1 2 3 4 5 
C88 441 411 386 307 420 479 477 469 488 476 
L14 260 177 140 - 218 - 443 426 - 504 
Sample MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a 
Spot 6 7 8 9 10 11 12 13 14 15 
C88 357 276 437 440 435 424 436 469 428 471 
L14 176 204 447 329 - 271 279 425 293 468 
Sample MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a MSH5a 
Spot 16 17 18 19 20 21 22 23 24 25 
C88 462 453 346 396 396 472 480 470 363 452 
L14 474 359 179 255 271 425 679 461 146 357 
Sample MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b MSH7b 
Spot 1 2 3 4 5 6 7 8 9 10 
C88 254 310 296 354 346 340 370 317 346 269 
L14 156 179 176 169 190 170 191 182 170 176 
Sample MSH7b MSH7b MSH7b MSH7b MSH7b      
Spot 11 12 13 14 15      
C88 332 345 316 338 336      
L14 171 172 176 167 168      
Temperatures reported in °C. Unusable results are marked (-). C88 = Cathelineau (1988), L14 = Lanari et al. (2014). 
 
 
